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ABSTRACT

Thi s t hesi s docunent s t he schemati c desi gn,
simul ation, and fabrication mask | ayout of a high-peed 16-
bit sunmmation adder to be integrated into the Digital |nmage
Synthesizer (DI'S) Application Specific Integrated Crcuit
(ASI C). The DIS is a single-chip false target radar inage
generator to be wused in countering wde band inmaging
radars. The DIS will calculate the false target inage in
512 range bins. Each range bit utilizes two identical 16-
bit binary adders. The 16-Bit Adder nust conpute the sum
of two 16-bit nunbers, providing a 16-bit sum carry
out put, and overflow detection bit. The stated goal is for
this adder to perform all of these functions in one

pi peline stage while being clocked at 600 MHz.

The first part of the design process includes an
extensive analysis to utilize the fewest gates in designing
the sinplest adder that can achieve the 600 Miz goal.
SPICE net lists are extracted from these schematic designs
and sinmul ations conducted to verify logic functionality and
propagati on speed. Mask | ayout of the verified design is
constructed using a CMOS 0.18 mcron process utilizing deep
sub-mcron technology with six netal interconnect |ayers.
The mask |ayout design is verified by ensuring all design
rule checks (DRC) and |ayout versus schematic (LVS) checks
are satisfied. In addi ti on, concl usi ons and
recomendations are provided to assist other DS project
menbers in using this adder and the aforenentioned design

process for additional conponents of the DIS ASIC.



TH'S PAGE | NTENTI ONALLY LEFT BLANK

Vi



TABLE OF CONTENTS

INTRODUCTT ON . . .o e e e e e e e e 1
A DIA TAL | MAGE SYNTHESI ZER (DIS) ................... 1
B. PRINCI PAL CONTRIBUTIONS . . ... .. e 3
C. THESIS OQUTLINE . . ... e e e 4
DESI GN . .o 5
A TOOLS . 5
1. Conput er Aided Design (CAD) Tools ............ 5
2. MATLAB V5. 3 . 5
B. TASK(S) .« ot 5
1. Stated Goal ........ ... . .. ... 5
2. Inmplied Task(s) ....... ... ... . . . .. 5
C. CURRENT SOLUTION . ... . e e e 7
D. EVOLUTION OF DESIGN .. ... e 8
1. 74X283 Medium Scale Integrated (Msl) Adder ... 8
2. Optim zed NOR Gate Logic Design.............. 9
3. Optim zed NAND Gate Logic Design............ 13
4. Carry Look-Ahead Unit ....................... 15
5. Gate Design ... .. 17
SCHEMATI C DESIGN OF 16-BIT ADDER . ........... .. 21
A OVERVI EW. . . . 21
B. H ERARCHI CAL SCHEMATIC DESIGN .. .................. 21
1. Level One — Transistors ..................... 21
2. Level Two — Logic Gates ..................... 22
3. Level Three — Secondary Sub-Circuits ........ 24

a. 4-Bit ALU G oup Cenerate and Propagate
(Goup GP) .. 24

b. 4-Bit ALU GCenerate and Propagate (ALU
GP) 27
C. 4-Bit ALU Overflow..................... 28
d. 16-Bit Adder Carry Look-Ahead .......... 29
4. Level Four — 4-Bit ALU...................... 29
5. Level Five - 16-Bit Adder ................... 30
C. SI MULATION OF SCHEMATIC DESIGN . . ......... ...t 32
LAYOUT DESIGN OF 16-BIT ADDER . ... ... ... .. ... 33
A OVERVI EW. . . . 33
1. VLSI Fabrication Process .................... 33
2. MOSI S .. 33
3. L-Edit .. 34
B. HI ERARCHI CAL LAYOUT DESIGN....................... 35
1. Level One — Logic Gates ........ ..., 35

Vi i



2. Level Two — Secondary Sub-Circuits .......... 37
a. SUM G rcuits . ... 37
b. 4-Bit ALU Group Generate and Propagate . 39
C. 4-Bit ALU Generate and Propagate (ALU
) 40
d. 4-Bit ALU Overflow..................... 42
3. Level Three — 4-Bit Adder Circuit ........... 42
4. Level Four - 16-Bit Adder ................... 44
C. LAYOUT VERSUS SCHEMATIC CHECKS . .................. 46
V. SUMVARY AND RECOMMENDATIONS . . ... .. e 47
A SUMVARY . . 47
B. RECOMVENDATI ONS . . .. .. e e e e 48
1. 16-Bit Overflow Circuit Ver sus 4-Bi t
Overflow. ... . 48
2. Mul tiplexing SumCircuits with G ........... 49
LI ST OF REFERENCES . . . .. .. e e 51
APPENDI X A. SCHEMATI C DI AGRAMS WSPICE NET LISTS.......... 53
A LEVEL ONE - FI ELD EFFECT TRANSI STORS (FET) ....... 53
1. NFET S . 53
a. Length = 2 Lanbda, Wdth = 5 Lanbda .... 53
b Length = 2 Lanbda, Wdth = 10 Lanbda 53
2. PRET S . 54
a Length = 2 Lanbda, Wdth = 5 Lanbda 54
b Length = 2 Lanbda, Wdth = 8 Lanbda 54
c Length = 2 Lanbda, Wdth = 10 Lanbda 55
d Length = 2 Lanbda, Wdth = 14 Lanbda 55
e. Length = 2 Lanbda, Wdth = 17 Lanbda ... 56
B. LEVEL TWO — LOAC GATES . .. ... .. e 57
1. I nverter ... ... 57
2. NAND . . . 58
a. 2-1NpuUt .. 58
b. 3-Input ... 59
C. 4-1NPUL .. e 60
d. S-1nput ... 62
e. G-I nput . ... . e 64
f. B-lnput ...... ... . .. 66
g. O-1nput . ... 68
h. 13-Input ... 70
i 15-1nput ... 73
3. NOR . . 76
a. 2-1nput ... 76
b. 4-1NpuUt ... 77
4. 2X1 Multiplexer ... ... 78
C. LEVEL THREE — SECONDARY SUB-CIRCUI TS ............. 80

Viii



1. 4-Bit ALU Group Cenerate and Propagate (G p
GP) 80
a. Logic Goup GP........ ... . ... 80
b. Conbi national Gate Goup G............. 81
C. Conbi national Gate Goup P............. 86
2. 4-Bit ALU Generate and Propagate (GP) ....... 89
3. 4-Bit Overflow....... ... .. .. .. .. 90
4. Carry Look-Ahead (CLAH) ..................... 91
D. LEVEL FOUR — 4-BIT ALU . ... ... . i 93
E. LEVEL FIVE — 16-BIT ADDER . ........... ... ... 95
APPENDI X B. FABRI CATI ON LAYQUTS WSPICE NET LISTS......... 97
A LEVEL ONE — LOAC GATES . .. ... .. i 97
1. I nverter ... ... 97
a. Inverter for CLAH...................... 97
b. Inverter for Goup GP.................. 98
C. Inverter for ALUGP .................... 98
d. Inverter for Overflow.................. 99
2. NAND . . . e 99
a. 2-1Nnput .. 100
b. 3-lnput ... 103
C. 4-1nput ... 105
d. 5-lnput ... . 106
e. G-Input . ... .. 108
f. 8-lnput ... ... ... 109
g. O-1Input . ... 111
h. 13-1nput ... 112
i 15-Input ... ... . 113
3. NOR .. 114
a. 2-1Nput ... 114
b. Ad-1nput . ... 116
B. LEVEL TWO — SECONDARY SUB-CIRCUITS . ............. 117
1. SUM G rcuUitsS ..o 117
a. SO Gircuit ... 117
b. S1L Greuit ... .. 117
C. S2 Grcult ... 118
d. S3Arcuit ... 118
2. 4-Bit ALU G oup Cenerate and Propagate (Gp
) 120
a. Logic Goup GP........ ... . 120
b. Conbi national Gate Goup GP........... 121
3. ALU Cenerate and Propagate (GP) ............ 123
a. 1-Bit ALU Generate and Propagate (1-Bit
) 123
b. 4-Bit ALU Cenerate and Propagate (4-Bit
GP) 124
4. 4-Bit Overflow...... ... .. .. .. . .. 125

i X



5. Carry Look-Ahead (CLAH) .................... 126

C. LEVEL THREE — 4-BIT ALU. ... ... ... .. ... ... .... 127
D. LEVEL FOUR — 16-BIT ADDER. .. ....... ... ... .. .... 129
APPENDI X C. SI MULATION OF 16-BIT ADDER . ... ............... 131
A OVERVI EW. . . 131
B. HEADER FILE .. ... .. . 131
C. SPICE NET-LIST ... . 133
D. MATLAB CHECK ROUTINE . ... ... e 146
APPENDI X D.  QUI NE- MCCLUSKEY M NI M ZATION ROUTINE . ........ 149
A OVERVI EW. . . 149
B ADDER. M. . . 149
C QUI NEADDER. M. . . . 151
D QNEINDEX. M. . 152
E QNECVP. M. 153
F QNEQUT. M. 154
APPENDI X E. 4-BI T PSEUDO- NMOS NOR ALU S| MULATION . .. ...... 157
APPENDI X F. MOSIS TSMC 0.18 M CRON FET PARAMETERS . ....... 161
APPENDI X G LAYQUT VERSUS SCHEMATIC SETUP . ............... 163
APPENDI X H.  RECOMMENDATI ONS FOR FUTURE WORK . . ............ 167
A 16-BI T OVERFLOW CI RCU T VERSUS 4-BI T OVERFLOW. .. 167
B. MULTI PLEXING SUMCIRCU TS WTH G ............... 168
C. Pl PELI NED REGA STER TEST CIRCUI T ................. 170
INITIAL DISTRIBUTION LIST ... . 171



Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure

OCeNoLNE

LI ST OF FI GURES

Si mul ati on of Register Propagation Delay .......... 7
74X283 MSl 4-bit ALU (From Reference [12]) ........ 8
16-Bit 74X283 wW Ripple Carry Binary Adder ......... 9
So Logic for 74X283 MBI Adder ..................... 9
So Logic Optimzed for NOR Gates ................. 10
4-Bit ALU Optimzed Wth NOR LogicC ............... 10
16-Bit NOR Logic Ripple Carry Adder .............. 11
4-Bit NOR Logic ALU Fabrication Layout ........... 12
Don't Care Result in Gand P Calculation......... 14
Use of Don’t Care Values in Sum Terns ....... 14
4-Bit ALU Optimzed Wth NAND Logic ......... 15
Delay Path for 16-Bit Adder W CLAH.......... 15
CLAH NAND Gate Logic Ternms .................. 16
Goup Gand P Logic Terns ................... 16
Overflow Circuit 2x1 Multiplexer Signals.... 17
Cal culation of Noise Margins ................ 18
Gate Wdth Equal 5 Lanbda NFET and PFET ..... 22
2-1nput NAND and NOR . ......... ... .. 23
4-Bit ALU Group Generate and Propagate ...... 24
4-Bit Goup P Conmbinational Gate ............ 25
4-Bit Goup G Conmbinational Gate ............ 26
ALU Generate and Propagate .................. 27
4-Bit ALU Overflow........ .. ... ... .. .. ..... 28
16-bit Adder Carry Look-Ahead ............... 29
4-Bit ALU . ... . e 30
16-Bit Adder ...... ... . ... 31
Layers used in 16-Bit Adder Layout .......... 34
2-1nput NAND Layout .................c... ..., 36
SO Grcuit Layout .......... ... .. ... 37
S1 Circuit Layout ........... ... ... .o, 37
S2 and S3 Circuit Layouts ................... 38
4-Bit ALU G oup Generate and Propagate ...... 39
1-Bit ALU Generate and Propagate ............ 40
4-Bit ALU Cenerate and Propagate ............ 41
4-Bit ALU Overflow......... ... . ... 42
4-Bit ALU . ... . e 43
Integration of CLAH in 16-Bit Adder ......... 44
16-Bit Adder ....... .. .. 45
NFET L = 2 lanbda, W= 5 lanbda............. 53
NFET L = 2 lanbda, W= 10 lanbda ............ 53
PFET L = 2 lanbda, W= 5 lanbda ............. 54
PFET L = 2 lanbda, W= 8 lanbda ............. 54

Xi



Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

PFET L = 2 lanbda, W= 10 lanbda ........... 55
PFET L = 2 lanbda, W= 14 lanbda ............ 55
PFET L = 2 | anbda, W= 17 lanbda ............ 56
Inverter ... ... 57
2-1nput NAND . ... .. . 58
3-Input NAND . .. ... ... i 59
4-Input NAND . . ... . . . . 60
S-Input NAND . ..... ... ... ... 62
6-Input NAND . ..... ... . . i 64
8-1nput NAND .. ..... ... .. i 66
O-1nput NAND .. ... ... .. i 68
13-1nput NAND . . ... .. e 70
15-1Tnput NAND .. ...... ... i 73
2-1nput NOR . ... 76
4-1nput NOR . ... 77
2X1 Multiplexer ... ... . 78
4-Bit ALU Group Generate and Propagate ...... 80
Conmbi national Gate Goup G.................. 81
Conmbi national Gate Goup P.................. 86
4-Bit ALU Generate and Propagate ............ 89
4-Bit Overflow....... ... .. .. .. ... 90
16-Bit Carry Look-Ahead ..................... 91
4-Bit ALU . ... 93
16-Bit Adder .......... ... .. 95
Inverter for CLAH......... ... .. ... ... ....... 97
Inverter for Goup GP.......... ... ......... 98
Inverter for ALUGP ......... ... ... ... 98
Inverter for Overflow....................... 99
2-1nput NAND . . ... . 100
2-1nput NAND For ALU GP.................... 101
2-Input NAND For Goup GP.................. 102
3-Input NAND . ... ... . . . 103
3-Input NAND For Goup GP.................. 104
4-1nput NAND . . ... .. 105
5-1nput NAND .. ....... i 106
5-Input NAND For Goup GP.................. 107
6-1nput NAND . ... ... ... .. . i 108
8-1nput NAND .. ..... .. .. .. 109
8- 1 nput NAND For Overflow.................. 110
O9-1nput NAND .. ..... ... 111
13-1nput NAND . . ... ... e 112
15-1nput NAND . . ... ... 113
2-1nput NOR . ... ... 114
2-Input NOR For Goup GP................... 115
4-1nput NOR . ... ... e 116
SO Gircult ... 117



Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure
Fi gure

89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99

100.
101.
102.
103.
104.
105.
106.

S1 Grcuit ... 117
S2 and S3 Gircuits ....... ... . . 119
4-Bit ALU Group Generate and Propagate ..... 120
Combi national Gate Goup GP................ 121

1-Bit ALU Generate and Propagate (1-Bit GP) 123
4-Bit ALU Generate and Propagate (4-Bit GP) 124

4-Bit Overflow........ ... ... .. . ... 125
Carry Look-Ahead (CLAH) .................... 126
4-Bit ALU . ... . 128
16-Bit Adder ........... . . .. 130
LVS File Settings ............. ... 163
LVS Options Settings ....................... 164
LVS Advanced Paraneter Settings ............ 164
LVS Performance ........ ... ... .. .. ... 165
LVS Verbosity Level Settings ............... 165
16-Bit Overflow........ ... ... ... ... .. .. .. ... 167
4-Bit MUX Adder ....... . ... . . 168
Pi pelined Register Test Circuit ............ 170

Xiii



TH'S PAGE | NTENTI ONALLY LEFT BLANK



Tabl e 1.

Tabl e 2.
Tabl e 3.
Tabl e 4.

LI ST OF TABLES

1024 16-Bit NOR Adders vs Pentium 111 Power

Consunption Compari SON . ......... ... 13
Gate Noise MArgins ....... .. 19
Gate AC Transient Data .............. .. ... 19
LogiC Gates . ... 24

XV



TH'S PAGE | NTENTI ONALLY LEFT BLANK

XVi



ACKNOW.EDGEMENTS

The  aut hor would like to extend thanks and
appreciation to his thesis advisors, Professors Fouts and
Pace, whose technical proficiency is only exceeded by their
| ove for God. “So whether you eat or drink or whatever you
do, do it all for the glory of God.” (1Cor 10:31, NV)

This work was supported in part by the office of Naval
Research Code ONR-313 and the Naval Research Laboratory.

The aut hor thanks God for the support of an incredible
wife, Shelly, and two beautiful daughters, Sarah and
Kat heri ne.

Finally, the author would ask all persons consider
“That if you confess with your nouth, ‘Jesus is Lord,’” and
believe in your heart that God raised himfromthe dead you
will be saved.” (Rm10:9, NV)

XVi i



TH'S PAGE | NTENTI ONALLY LEFT BLANK

XViii



EXECUTI VE SUMVARY

Thi s t hesi s docunent s t he schemati c desi gn,
simul ation, and fabrication mask | ayout of a high-speed 16-
bit summation adder to be integrated into the Digital I|nmage
Synt hesi zer (DI'S) Application Specific Integrated Crcuit
(ASIC). The DIS is a single-chip false target radar inmage
generator to be wused in countering wde band inaging
radars. The DIS will calculate the false target inage in
512 range bins. Each range bit utilizes two identical 16-
bit binary adders. The 16-Bit Adder nust conpute the sum
of two 16-bit nunbers, providing a 16-bit sum carry
out put, and overflow detection bit. The stated goal is for
this adder to perform all of these functions in one

pi peline stage while being clocked at 600 MHz.

The first part of the design process included an
extensive analysis to utilize the fewest gates in designing
the sinplest adder that can achieve the 600 Mz goal.
SPICE net lists were extracted from these schematic designs
and sinmul ations conducted to verify logic functionality and
propagati on speed. In sequence the follow ng designs were
expl or ed:

1. 16 x 1-Bit Arithnmetic Logic Units (ALU) w R pple
Carry

2. 4 x 4-Bit Medium Scale Integrated (MSI) Adders
W R pple Carry

3. 4 x 4-Bit Pseudo-NMOS NOR Logic Adders W Ripple
Carry

4. 4 x 4-Bit CMOS NAND Logic Adders W Ripple Carry
Xi X



5. 4 x 4-Bit CMOS NAND Logic Adders w Carry Look-
Ahead

It was necessary to adopt the carry |ook-ahead
technique in order to neet the stated goal. This schematic
design underwent extensive SPICE simulation to include
being pipelined with registers to verify that it would
function within the DIS architecture.

The fabrication mask | ayout of the verified design was
constructed using a CMOS 0.18 micron process utilizing deep
sub-m cron technology with six netal interconnect |ayers.
The mask |ayout design was verified by ensuring all design
rule checks (DRC) and |ayout versus schematic (LVS) checks
were satisfied. The result of this research is a
fabrication mask | ayout for a 16-bit adder t hat
acconpl i shes the stated goal.

In addition, a concluding summary and recommendations
for future work are provided to assist other DI'S project
nmenbers in using this adder and the aforenentioned design

process for additional conponents of the DIS ASIC.

XX



. 1 NTRODUCTI ON

A DI A TAL | MAGE SYNTHESI ZER (DI S)

The inverse synthetic aperture radar (ISAR) technique
is a well-known nethod of constructing three-dinensional
(3-D) range-Doppler imges of noving targets such as ships

and aircraft. The United States Navy wutilizes this
technique wth it’'s ANAPS-137B(V)5 radar, currently
depl oyed on P-3C aircraft [1]. | SAR provides detection

classification and tracking capability against surface and
surfaced submarine targets. It also provides range,
bearing and positional data on all selected targets, plus
medi um or hi gh-resolution images for di splay and

recordi ng.

O her countries are developing inplenentations of
this technol ogy. The Russian Federation and Associated
States (CIS) has developed the Sea Dragon maritine
surveillance mssion system architecture, which utilizes
the |SAR technique. It is reported that they are
depl oying, or are proposing to deploy, this systemon their
[lyushin 11-38 (*May’) and Tupolev Tu-204P maritine patro
aircraft and Tupolev Tul42MZ (‘Bear-F Md 4) Anti-
Subrmarine Warfare (ASW along with India' s fleet of eight
Tu-142MK-E (‘' Bear’ Mdd 3), five I1-38 and 14 Ka-28 (' Heli x-
A) ASWplatfornms [2].

In the future, it 1is expected that mssiles wll
utilize ISAR in their termnal homng phase in order to
rej ect decoys and increase aim point accuracy, resulting in
a greater probability of kill [3]. It is likely that the

current suite of counter-homng techniques, electronic

1



attack, distraction chaff and seduction chaff, as well as

decoy repeaters will not be practical against |SAR seekers
[4].

Consequently, the present need for a counter-targeting
solution and the future need for a counter-hom ng sol ution
against I1SAR remain a high-priority for many electronic
warfare (EW systens. A practical nethod of generating a
false target to counter an |SAR system is not available
from traditional acoustic <charge transport (ACT) and
optical devices [5,6]. However, recent advances in
application specific integrated circuits (ASICs) have
greatly enhanced avail able speeds and gate densities in
nodern digital 1C s. Densities reaching 10 mllion usable
gates (with six netal |ayers) and clock speeds in excess of
1 GHz are avail able. These capabilities suggest that a
programmable imaging architecture for generating false

target signatures can be realized with custom ASI Cs.

A pipelined, all-digital imge synthesizer capable of
generating false-target inmages from a series of intercepted
| SAR chirp pulses providing a novel radio frequency (RF)
i magi ng decoy capability has been presented and proof of
concept conpleted [4]. This design synthesizes the inage
of the false target within 512 range bins. Each range bin
utilizes two 16-bit binary adders. The design of which is
critical to the proper operation of the range bin. The
requirenent is that these identical adders nust be capable
of adding two 16-bit binary nunbers, providing a 16-bit
sum carry output bit, and overflow indicator bit wthin
one clock cycle with the system being clocked at 600 Miz.



B. PRI NCI PAL CONTRI BUTI ONS

The first part of the design process included an
extensive analysis to utilize the fewest gates in designing
the sinplest adder that can achieve the 600 Miz goal.
SPICE net lists were extracted from these schematic designs
and sinulations conducted to verify logic functionality and
propagati on speed. As these designs increased in
conplexity it was necessary to wite a logic mnimzation
conputer routine, based on the Qine-Md uskey tabular
techni que [13]. In sequence, the follow ng designs were

expl or ed:

1. 16 x 1-Bit Arithmetic Logic Units (ALU) w Ri ppl e
Carry [12]

2. 4 x 4-Bit Medium Scale Integrated (Msl) Adders
W Ri pple Carry [12]

3. 4 x 4-Bit Pseudo- NMOS NOR Logi ¢ Adders w Ri ppl e
Carry

4. 4 x 4-Bit CMOS NAND Logi c Adders w Ri pple Carry

5. 4 x 4-Bit CMOS NAND Logi ¢ Adders w Carry Look-
Ahead

It was necessary to adopt the carry |ook-ahead
technique in order to neet the stated goal. This schematic
design underwent extensive SPICE sinmulation to include
being pipelined with registers to verify that it would
function wwthin the DIS architecture.

The fabrication mask |ayout of the verified design was
constructed using a CMOS 0.18 mcron process utilizing deep



sub-m cron technology with six mnetal interconnect |ayers.
The mask |ayout design was verified by ensuring all design
rule checks (DRC) and |ayout versus schematic (LVS) checks
were satisfied. The end-state for this thesis is a
fabrication mask | ayout for a 16-bit adder t hat
acconpl i shes the stated goal .

C. THESI S OUTLI NE

Chapter Il wll discuss the design process that
culmnated in the final 16-bit Adder design. Chapter 111
will detail the schematic design and sinulation process.
Chapter IV wll review the inplenentation process to
achieve the design ready for sem conductor fabrication.
Last, Chapter V wll offer a concluding sumary and

reconmendati ons for future work.



1. DESIGN

A TOOLS
1. Comput er Ai ded Design (CAD) Tool s

The Tanner Research, 1Inc. suite of conputer aided
design (CAD) tools were used, including S-Edit (schematic
editor), L-Edit Pro 8.3 (layout editor), T-Spice Pro (SPICE
circuit simulator), LVS (Layout Versus Schematic conparison
tool), and Wedit (waveformeditor) [8]. In addition, LASI
6, a shareware |ayout tool was used for prelimnary |ayout
[9].

2. MATLAB V5. 3

The Math Works, Inc. tool, MATLAB V5.3 was utilized to
process SPICE data and for logic mnimzation [10].

B.  TASK(S)
1. St at ed Coal

The stated goal is to design and inplenent a 16-bit
full adder that can produce a 16-bit sum carry output, and

overflow bit within one clock cycle at 600 Mz. Thi s
design wll be inplenmented through the Metal i de
Sem conduct or Integration Service (MOXSIS) at Tai wan

Sem conduct or Manufacturing Corporation (TSMC) using a 0.18
mcron feature size process and SCN6M DEEP design rules
[11].

2. | mpl i ed Task(s)

The 16-bit adder will be inplenmented twice in each of
the 512 range bins, for a total of 1024 adders. In general,
it can be assumed that the sinplest design, utilizing the
fewest nunber of transistors that can acconplish the stated
task, is preferable. This type of design would consune the

5



| onest anount of power, snallest anmount of area on the
chip, mnimze the load on the system and be nost readily
adaptable to other inplenentations. For exanple, a field

programabl e gate array (FPGA), vice ASIC inpl enentation.

In the stated task, the clock frequency is noted as
being 600 MHz. This would correspond to a clock period of:

I, =—=————=167ns 1
¢ f 600MHz (1)

However, in a pipelined very |large scale integrated (VLSI)
circuit, the input data to the adder will not be avail able
at the start of a clock cycle. Not only will the input
pul se shapes be distorted due to transm ssion timng del ays
and the capacitive and resistive properties of the physical
circuit, but we nust account for register propagation and

setup tines. Recall that in a pipelined design, the adder
will be placed between two register arrays. Therefore, the
actual available propagation tine of the adder wll nore
resenbl e:

Adder propagation time(t ;) S Tey =1 pey ~tipey (2)

It was necessary to sinulate these effects in order to
ensure that any adder design would neet the requirenents of
the clock frequency while under | oad. The distortion of
the input was sinmulated by ranping the input transitions by
100 ps. It was determned that the register setup tine
(tsreg) Was negligible and could be ignored. However, the
propagation tine of the register was significant and was
simulated by utilizing a pulse-shaping circuit consisting

of 4 invertors.



A T-Spice simulation of the pulse shaping circuit
yi el ded a register propagation tine of approximtely 200 ps
(Figure 1). Therefore, the propagation tine of the adder

nmust be |l ess than or equal to 1.47 ns:

pnis STep ~loreg ~Lireg =1.67=0.2-0.0 =1.47ns ( 3)

Simulation of Register Delay @600MHz

—
o
o
&0
o
=
A
=

Time (ns)

Figure 1. Sinmul ati on of Register Propagation Del ay.
C. CURRENT SOLUTI ON

The proof of concept range bin inplenmentation utilized
a 16-bit ripple carry adder [7]. Each 1-bit cell produced
a 1l-bit sumand a 1-bit carry with 3 logic gate delays (3

ta). Therefore, when the 1-bit <cells were connected
together to form a 16-bit adder, the delay was 48 t4 (3 x
16) for the 16-bit sum and carry output. Al so, there was

an additional cost of 3 t4q to realize the overflow bit for a
total of 51 tg. The propagation tinme for this design is
greatly in excess of the design specification. This design

could be pipelined into eight stages. However, this wll
7



not nmeet the stated task of performng the addition in one
st age.
D. EVOLUTI ON OF DESI GN

1. 74X283 Medium Scal e Integrated (MsSI) Adder

The 74X283 is a 4-bit binary adder design that is
commercially available (Figure 2). It utilizes the carry
| ook-ahead technique to calculate the 4-bit sum and carry
out put [12].

Figure 5-91

Logic diagram for ’
the 74x283 4-bit —D_I_L'
binary adder. ®
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Fi gure 2. 74X283 MSI 4-bit ALU (From Reference [12]).
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An inplenmentation of this design with NOR and NAND
gates would have a SUM out put delay of 6 ty and C; del ay of
3 tg. A 16-bit group ripple adder can be nmade fromthese 4-
bit ALUs (Figure 3). The 16-bit SUM delay would be equal
to 15 tg.

CO C8
=0 .| s<3.0> .| s<11.8>
4-bit — 4-bit | —
A<3..0> A<11..8>
— ALU |¢c, = ALU ¢,
B<3.0>| 31y B<11.8- 3t
Cy Cya
.| s<7.4> .| s<15.12>
4-bit — 4-bit | —
A<T. 4> A<15.12>
— ALU |¢, ~ ALU |c,
B<7.4>| 31y B<i5.12>| Oty |
Fi gure 3. 16-Bit 74X283 W Ri pple Carry Bi nary Adder.

2. Optim zed NOR Gate Logi c Design

This MSI design can be |everaged to nake it a faster
adder . Recall from Figure 2 the logic for the conputation

of the Sy bit (Figure 4):
O s
— /
YT

This logic costs 5 ty!

Ao

5
;

I

y

Fi gure 4. So Logic for 74X283 Ml Adder.



A MATLAB conputer program was witten (Appendix D) to
use the Quine-MC uskey tabular technique [13] to optimze
the 4-bit MSI adder with NOR gate logic. Optimzed to NOR
gate logic, the Sy bit can be realized by:

S, =(C, +G, + B,)+(C, +Go + Py )+(Co +Go +P,) (3)
This logic can be inplenmented as shown in Figure 5 and w |
save 2 ty4 of delay fromthe 74X283 MSI Adder.

S
Po So
=T

— /)
VT
This logic costs only 3 tg!
Fi gure 5. So Logic Optimzed for NOR Gates.

The sum and carry output |ogic equations derived for

the 4-bit ALU are shown in Figure 6.

Sy =W)+(Cu +Go +ﬁo)+(60 +Go +E,)

S, =(C, +G +Go+P)+ (G +G, + B +P,)+(C, +G 1 +Go + P )+(G, +Go + P, + Po)+(Co + G + B + P )+(G +Go + P + P4

(6,+G+R+P+R)+(C,+G, +G Gy +B)+(G. + G, + Gy + B, + P)+(G2 +G, + P+ B+ B+ (G2 + G + P + P + B

S,

+(C,+G2+Gi +Go+ P2 )+(G, +Gi +Go + B, + Py J+(Co +Go + P+ B+ B )+(G2 +Gi + Go + P2 + o)

(G, +Go+ P +P.+P+P)+(G,+ G2 +Go+ P+ Po + P )+(G, +G2 +Gi + P, + P + B, )+(C, + G, +G2 +G1 +Go + P,

3

_+(G3+G,+Gi+P,+P,+B)+(G:+G, +G1 +Go + P, + P, |+(Gs +Go + Py + P + B + B, )+(Gs + G, +Go + P, + P, + B
)

+(Gi+Ga+Go+ P+ P+ P )+(Ga + Gy + P+ P+ B+ P, )+(Gs + G2 +Gi + P+ P+ P, )+ (C, + G + G2 + G + G + P

+
+{G, G2 +G i +Go + P+ Po)+(Co+Gs + P, + P, + P+ B, )+(G: + G2 + G +Go + P3 + Py

_(53 +P;+P, +P, +P“)+(63 +Go+P3y+P, +Pl)+(63 +Gi +P; +P, +P“)+(63 +G +Go+Ps +P2)+(53 +G,+Py+P +Po)

4

+(53 +52 +61; +ﬁz +P])+(63 +52 +6| +ﬁ1 +P0)+(CO +63 +62 +61 +60)+(63 +62 +6| +60 +ﬁo)

Fi gure 6. 4-Bit ALU Optim zed Wth NOR Logic.
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A 4-bit NOR Logic ALU has a delay of 4 t4 for sum and
carry out puts. However, if they were utilized simlar to
Figure 3, the upper level ALUs will only have a delay of 3
tqy due to the propagate and generate inputs to the NOR | ogic
al ready being produced. Therefore, as per Figure 7, a 16-
bit NOR Gate Adder would only have a delay of 13 tg.

CO CS
Z0 | ) S<3..0> , S<11..8>
4-bit — 4-bit —
A<3 0= A=<11..87
— ALU |c, == ALU |c,
B<3.0>| 4t B<11.8> 31y
C, C
i S<7. 4> 12 , 8<15.12>
4-bit — 4-bit |—
A<T 4> A<15.12>
— ALU |cq - ALU |c,.
B<7.4>| 3t B<is.12>| 3ty |
Figure 7. 16-Bit NOR Logic Ripple Carry Adder.

The LASI CAD t ool was utilized to produce a
sem conductor fabrication mask layout for the 4-Bit NOR
Logic ALU utilizing pseudo- NMOS NOR gates (Figure 8).

11
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Fi gure 8.

4-Bit NOR Logic ALU Fabrication Layout.
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the psuedo-NMOS NOR | ayout
the 16-bit NOR
Logic Ripple Carry Adder would be an effective design. It

The Spice net |list of

(Appendix E) was tested to determine if

was found that it easily exceeded the stated goal, even

nmeeting a 1 GHz clock speed. In regards to the inplied
t asks, it wused only 2316 transistors and could be
i npl emented very conpactly with the Tanner Tools. However,

it consuned a significant anmount of power. A conparison of
1024 16-bit NOR Adders with the Pentium
I'1l processor is presented in Table 1 [14].

an application of

I[tem Feat ure Qy FET Speed vdd Avg Power
Size (um (M (MHz) (V) (W
1024 NOR Adders 0.18 2.4 600 1.8 12
Pentium 111 0.18 10 700 1.6 15
Tabl e 1. 1024 16-Bit NOR Adders vs Pentium Il Power
Consunpti on Conpari son.
The Pentium Il requires active cooling; i.e. a fan.

It is not knowmn at this witing if the final design of the

radar imaging chip wll require active cooling. However,

this level of power consunption for just the 16-bit adder

conponents (approximately a third of the total nunber of
transistors used in the radar ASIC) is not acceptable.
Unfortunately, when ‘regul ar’ CMOS NOR gates are

substituted in this design, it doesn’'t neet the clock rate
m ni mum speci fication.
3. Optim zed NAND Gate Logi c Design

In general, designs using NAND gates are faster than
t he Quine-Md uskey

l ogic mnimzation program was used to determ ne equival ent

the NOR gate equivalent. Ther ef or e,

NAND gate logic for the 4-bit adder. The resultant |ogic
13




equations were not practical. They were too big, using too

many vari abl es, causing a nunber of gate fanout problens.

However, in the calculation of the input generate and
propagate variables, there was a “don’'t care” result
(Figure 9).

Ao Bo|Go Py
__Di F F T T A Never have
Py O 1{1 O . Gy Py
Bo .‘D‘F 1 01 0 0 1
1 1,0 0

Figure 9. Don't Care Result in G and P Cal cul ati on.
Examining the Sy calculation, it can be seen how to
| everage this “don’t care” in order to mnimze the logic

equation (Figure 10).

Expansion of truth table to include G & S

Co Ay Bg| Gy Py | Sqo .and now t he Karnough map for S

00011 110 GPogy 01 11 10

O 0 1|1 01 &

O 1 O0o(1 01 0 0 X 0

O 1 170 0/0

S I O[O Ok

1 0 1|1 0]0 K/

1 1 011 010 Mnterms: S = GCGP, + GGPo+t CGPo

1 1 110 0] Usingdont cares: S = GG + GPy+ CGG&GPy
Fi gure 10. Use of Don’'t Care Values in Sum Terns.

Expanding this technique to all sum terns for NAND

gate logic yields the |l ogic equations in Figure 11.

14



Sy = ((CyG )T PTGy Py))

8, =((Gi1Go)(GoP)CoG,GyP1)YCyGi1Po)G,PiP)C,P Po))

8, =((G2G1)(G2GoP1)G1P,)G,P:2P)NGoP,P1)(CoG,G,G,P2)(CyG2PiPo)G,G,P2P)(CyP,P1Py)

| (G3G 26, (G3G1G P2)(G3GoP2P1)G2P,Po)G2G P,Gy)G,PsP,P1)GiP,P:)(G,G,P,P5s)

S — — = — — S
(Gy;GoPyP2P1)(C0G,G,G,G,P3)(CyG35P2P1Po)G,G,G, P3P )(CyP;,P2P1Po)

Figure 11. 4-Bit ALU Optim zed Wth NAND Logic.

Al though this technique garnered considerable savings
in transistors and solved the fanout problem sinulations
of a 16-bit adder built using these 4-bit ALUs with ripple
carry between the 4-bit groups were still not fast enough.
Therefore, it was necessary to use Carry Look-Ahead (CLAH).

4. Carry Look-Ahead Unit

The delay path for a 16-bit adder wusing the carry
| ook-ahead technique is summarized in Figure 12 [12]. I t

has a delay of 7 t4 for sumand carry output.

A=15.12 B<ls 12= A=11.8= B=11.8= AT g Ba7 4= AE 0= B3 0= G
4
4-bit ALU [, |4-bit ALU | |[4-bit ALU" | 4-bit ALU <

[ - '|’s<15 1= |a, |® ’|’s<11 8 G |P +s<7 rs G |® +S<3 0=

Cs Gy

Cus Cum Delay (td) O 2 4 7
Stage Delay (ty) O 2 2, 3

Event Input | Grp G&P | CLAH SUM

Figure 12. Del ay Path for 16-Bit Adder w CLAH.

The carry |ook-ahead technique introduces tw new
circuits to the adder design. A Goup CGenerate (G p_G and
Group Propagate (Gp_ P) circuit is added to the 4-bit ALU

15



in addition to a CLAH for the 16-bit Adder. The Qui ne-
McCl uskey minimzation program was utilized to produce the

logic terns for both circuits (Figures 13 and 14).

C, =(G,(C,R))

C; = (G,(G,R)(C,R,P)))

Ci, =(G,(G,P,)(G,P,P,)XC,F,PP,))

Cys =(G4(G,P)(G,P,P)(G,RP,P,)(C, PP, P,))
Fi gure 13. CLAH NAND Gate Logic Ternmns.

_ | A Bo BiBy B A B By By ) Ay Ay By By By ) (A By By ) (A Ay B B B ) (A A B, By ) Ay A4 A, B By
BB A BB, B, N By By )y oy e BB ) (A, A B Ay o By B, Ay, 2B, ) (A A, s )

e &

Grp _P=((4, *By)+(4, +B)) +(4, + B,) + (4, + B;))

Fi gure 14. Group G and P Logic Terns.

Simulations of this design indicated that it would
neet the stated goal of conpleting the 16-bit sum and carry
output in one clock cycle at 600 MHz. However, there
remai ned the necessity to design the overflow detector. An
overflow condition exists if:

Overflom(Ov)=C,; O C,,  (4)

In order to facilitate the future reuse of the 4-bit ALU
design, the decision was made to incorporate the overfl ow
detection <circuit as a conponent of the 4-bit ALU

Therefore, in this particular inplenentation of the 16-bit

adder, only the overflow output of the uppernost 4-bit ALU
woul d be used.

16




The Quine-McC uskey minimzation program was used to

determine the logic terns. The results were not
encour agi ng. There were too nmany product terns to neet
fanout restrictions. |In an attenpt to reduce the nunber of

variables fromnine to eight and sinplify the conplexity of
the mnimzation, two separate mnimzation calculations
were performed. The G bit was set high (1.8 volts) for the
first calculation and low (0.0 volts) for the second. Each
calculation resulted in eight 4-input product ternmns. Si X
product terns were identical for both cal cul ations.

It was decided to |leverage these shared product terns
and construct an overflow circuit that sinmultaneously
calculates two potential answers; Gisl and GisO (Figure
15). When the G beconmes available, it is used as a
control signal to nmultiplex the correct answer signal to
the overflow output. Wth the use of 2X1 nultipl exer using
active-pass gates, this circuit produces the overflow
output with no additional delay than the sum and carry
out put .

Cois0 = ({ G35, 5,3, (G B, Pa PING, B, B B))(GaG By P(GaG, B, Po)(GaG B, Fa)( Ga Gy Gy B (GG, B Pa))

Cyisl = (T3G, 007 )R PaPLPo )G A B A (T30, B PG a0, B Po)(Galh A Po)(Galh 3, B) (TG A Pa))

Fi gure 15. Overflow Circuit 2x1 Miltiplexer Signals.
5. Gat e Design

Once the adder architecture had been determ ned,
consideration was given to the design of the individual
| ogi ¢ gates. The basic building blocks of a CMOS logic
gate are field effect transistors (FET); specifically N
channel (NFET) and P-channel (PFET) [15]. A deci sion was
made to optimze the respective sizes of the NFETs and

PFETs in each gate, first toward balancing the noise
17




margins of the gates (Figure 16). This is inportant so
that the gate is tolerant of small changes to power supply

and i nput voltage | evels, possibly caused by noi se.

5 .
% -
- 4.5} R
CHmun > o
B
4 NN
AN
35 - T 1
sl i || Unity Gain Point |
. |I Slope =-1
25 | f
1 | ,'ll
1.5 i | |
H | |
J f
1} i\:
! 4
N OLmaxz ~ >0 :
\HH%
i} . . " N
o o035 1 15 2125 3 35 4 45 3
" »
r — \ 7 .
V ILmax \ THmin
Fi gure 16. Cal cul ati on of Noi se Margins.

In a 1.8 volt circuit, the optinmm noise nmargin would
be 0.9 volts. For exanple, a gate with a skewed noise
margin low (NM) of 0.4 volts would perceive an input to be
a logic one if that input voltage inadvertently rose from
0.0 to 0.4 volts. This could cause the gate output to

change and result in a logic error. Table 2 lists the gate
noi se margins for this design.

In only one case is a gate noise margin nore than 0.3
volts from optinmm In the case of the 4-input NOR gate,
the noise margin low had to be skewed in order that the
second criteria, that of gate propagation tine, be net.

18



The AC Transient Analysis data for the gates is included in

Tabl e 3.

19

Gate | #Imuts | NM 1 | NM_h | TR0y | Taabiy
TV 1 08487 | 09308 3 14
ITAND 2 0.8487 | 0.9808 5 10
ITATID 3 0.9501 08395 3 10
IAND 4 08826 | 038634 5 8
ITATID 3 0.9803 07506 3 3
ITATID & 07025 0.9833 3 3
ITATD 5 08532 0.8028 5 ]
TTATID 9 097> 07245 5 3
IAND 13 0.7450 | 0.8609 10 5
ITATID 15 0.9268 06764 10 3
IOE 2 08228 08867 3 17
ITOE. 4 0. 3967 11056 5 17
TIIT 2+coniiol 09875 gozs> 5 14
Tabl e 2. Gat e Noi se Margins.

Gate Fongts ty ty il L3
0TV 1 0.0110 | 00130 | 00100 | 00110
ITATD 2 00110 00130 0.0100 0.0100
IMAND 3 0.0170 00150 0.0140 0.0120
IMAND 4 00240 | 00160 | 00150 | 0.0130
ITAND 3 00330 00180 00180 00150
IAND & 00360 | 00210 | 00140 | 00170
IMAND 8 0.0560 | 0.0250 | 0.0170 | 0.0200
IAND 9 0.0690 0.0280 0.0180 0.0210
IMNAND 13 01137 | 00400 | 00150 | 00300
LIATD 13 2.1540 2.0470 20180 Q0330
IOE. 2 00210 ]| 00250 | 00200 | 00160
NOE. 4 0.0550 | 0.0820 | 0.03%0 | 0.0420
1ATT +control 00140 Q.0180 Q.0100 @.0100

Tabl e 3. Gate AC Transi ent Dat a.




In order to balance the noise margins for the 4-
i nput NOR gate, a significant increase in the size of the
PFETs was required. However, the AC transient analysis
determined that the fall tinme (tf) was very sensitive to any
increase in PFET size. The speed of this gate is
particularly inportant for the entire system delay because
it is used in the Goup Generate and Propagate circuit to
calculate the G p_P output that goes to the CLAH It was
decided to allow the slight increase in noise margin
skewing to mnimze the gate propagation del ay.

20



I'11. SCHEMATI C DESI GN OF 16-BI T ADDER

A OVERVI EW

The design process used the Tanner Tools
schematic editor (S-Edit) to assenble the sub-circuits and
eventually the 16-bit adder. This design process is
hierarchical in nature. In sequential fashion, the I ower
level <cells were constructed and integrated into logic
gates, which were used in nore conplex sub-circuits. At
each step, a SPICE net |ist was extracted from S-Edit to
ensure the electrical connectivity and logic functionality
of each sub-circuit. This process concluded with a SPICE
net list being extracted for the 16-Bit Adder and
simulated to ensure that it is fault free and neets the
stated task of functioning with a 600 MHz cl ock.

B. HI ERARCHI CAL SCHEMATI C DESI GN
1. Level One — Transistors

This design utilizes 2 sizes of NFETs and 5 sizes of
PFET s. In all cases the gate length is 2 lanbda, the
m nimum allowed for this fabrication process. NFETs with
gate widths of 5 and 10 |anbda and PFETs with gate w dths
of 5, 8, 10, 14, and 17 |l anbda were utilized.

Figure 17 is an exanple of an NFET and PFET design.
Note that each FET includes specifications for the
calculation of source and drain area (AS and AD) and
perinmeter (PS and PD). Since this design is fully
scal abl e, these paranmeters are cal cul ated using the scaling
paranmeter | anbda. This wll provide a nore accurate
simul ation of the timng characteristics of the circuit and
prove critical toward determning the realistic speed of
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the 16-bit Adder. See Appendix A for a conplete set of FET

schemati cs.

[SPICE QUTFOT=M# =D} 25} 2245 2B} CHOSN W=5"latmbda L= 2%larnbda AS=5.5larbda" 3 larrbda AD=5.5"latmbda™ larnbda
P3=3"larnbda« 5.5 ambd a+ 3 lambda+ 5.5 larnbda PD=5"ambda+ 3" lambd a+ 5.5 larnbd 2+ 5.5% arnbd a]

2

i

s
N
(o]

[SPICE OUTFPOT= M# =D} »{ 5} =245} (B} CHOSE W=5"latmbda L= 2"larnbda AS=5"lambda™5. 3 larmbda AD=5"ambda™s. 3 larnbda
Pz larnbda« S larnbda+ 5.0 ambda+ 5.5 larnbda PD=5"ambdas D" lambdas+ 5.5 larnbd ae 5,57 arnbd a]

| T
|
0O H>——
II__I
|
Figure 17. Gate Wdth Equal 5 Lanbda NFET and PFET.

2. Level Two — Logic Gates

These transistors were utilized to assenble a nunber
of logic gates. Table 4 specifies the logic gates that
were used in this design. Figure 18 is an exanple of NAND
and NOR gate design. See Appendix A for a conplete set of

| ogic gate schemati cs.
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Type Nunber of NFET Size PFET Size
Gate | nput s (1 anbda) (1 anbda)

[ NV 2 5 14
NAND 2 5 10
NAND 3 5 10
NAND 4 5 8

NAND 5 5 8

NAND 6 5 8

NAND 8 5 5

NAND 9 5 5

NAND 13 10 5

NAND 15 10 5

NOR 2 5 17

NOR 4 5 17

MUX 2 + control 5 14

Tabl e 4. Logi c Gates.
3. Level Three — Secondary Sub-Circuits
a. 4-Bit ALU G oup Generate and Propagate (G oup
GP)
The logic equations for the Goup GP were

presented in Figure 14 and are realized in Figure 19.

BEoEEEGEE
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Fi gure 19.

4-Bit ALU G oup Generate and Propagate.
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Some experinmentation was conducted in realizing
these logic functions wth conbinational gates. One
(large) gate would be constructed for the G p_G output and
one for the Gp_P output. The inmediate advantage is that
there are less than half the nunmber of transistors in the
conbi national gate than in the logic gates that are used in
Figure 19 (Figures 20 and 21).

|
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ft]
Fi gure 20. =54- Bit G oup P Conbinational Gate.

During initial testing, these gates appeared to

be a vast inprovenent in space and speed. Unfortunately,
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when they were placed under |oad, they becane slower than

the | ogic gate versions.
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b. 4-Bit ALU Generate and Propagate (ALU GP)

The 1-Bit ALU Cenerate and Propagate design was

denonstrated in Figures 4,5, and 8.

A schematic diagram

for a 1-Bit ALU GP was assenbled and then expanded to the

4-Bit ALU GP (Figure 22).
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C. 4-Bit ALU Overfl ow

The 1 ogic

presented in Figure 15 and are realized in Figure 23.

previously discussed,

equations for

this sub-circuit

wer e
As

the two signals GCsO and G sl are

mul tiplexed wwth G being the contro

vari abl e.
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Fi gure 23. 4-Bit ALU Overfl ow.
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d. 16-Bit Adder Carry Look- Ahead

The logic equations for this sub-circuit were

presented in Figure 13 and are realized in Figure 24.

[
[

lapd Iane

CHCACECECRCRCRCHT

Fi gure 24. 16-bit Adder Carry Look- Ahead.
4. Level Four - 4-Bit ALU

The 4-Bit ALU circuit integrated the 4-Bit Goup GP
4-Bit ALU GP, and 4-Bit Overflow circuits wth the logic
that wll calculate the suns. The logic equations for the
four sum bits were presented in Figure 11 and are realized

in Figure 25.
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Fi gure 25. 4-Bit ALU.
5. Level Five - 16-Bit Adder

The 16-Bit Adder is assenbled from four 4-Bit ALU and
the Carry Look-Ahead (Figure 26).
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Fi gure 26.
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C. SI MULATI ON OF SCHENMATI C DESI GN

SPICE net Ilists were created for all gates, sub-
circuits and the 16-bit adder circuit. These were verified
for electrical connectivity and logic functionality. Many
of the sub-circuits underwent extensive functionality
testing to confirm circuit conpleteness and provide an
i ndependent check that the l|logic equations were correct.
Appendi x A shows the net lists for all systemcircuits.

The 16-Bit Adder net |list was tested for functionality
and then subjected to exhaustive verification that its
speed achieved the stated goal of 600 MHz. The register
propagation time of 200 ps and skew ng of input signals was
simulated by a pulse shaping circuit of 4 inverters and
having an input pulse ranp of 100 ps during |owto-high and
hi gh-to-low transitions. The SPICE net |ist header file
(caa_Adderx16_625.h) included in Appendix C docunments this

effort.

In addition, recall that the schematic diagrans of the
FETs included estimtions of source and drain area (AS and
AD) and perinter (PS and PD). This was an additional
effort to make the sinulations as realistic as possible,
taking into account resistive and parasitic capacitive
effects across the transistor gate.
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| V. LAYQUT DESIGN OF 16-BI T ADDER

A. OVERVI EW
1. VLS| Fabricati on Process

The stated t ask specified t hat t he | ayout
i npl enmentation of the 16-bit adder use the Taiwan
Sem conduct or Manufacturing Corporation (TSMC) 0.18 mcron
fabrication process. This process utilizes deep ultra-
violet lithography wth a lanbda value of 0.09 um
resulting in a true mninmum feature size of 0.18 mcrons
for the gate lengths of the CMOS FETs. The TSMC 0. 18
m cron technology is a single poly, six netal |ayer process
with Towk dielectrics. This process has a tight netal

pitch, providing a higher gate density and nore die per

wafer, leading to a |ower cost per chip. The process
allows for stacked vias, permtting a dense, integrated
circuit design. The deep sub-mcron design rules allow

densities of over 100,000 gates per mmf and on-chip cl ocking
speeds of 600-700 MHz. Al though a full line of standard
cell libraries are available from various conpanies, this

16-bit adder |ayout doesn’'t use any of them

2. MOSI S
MOSIS is a non-profit, |lowcost prototyping and snall
vol une production service for VLSl integrated circuits.

MOSI S works with a nunber of vendors for chip fabrication.
MOSIS is the interface wth Taiwan Sem conductor. MOSI S
does not test the fabricated chips, however they do neasure
test structures and reference designs on each fabrication
run to ensure it conforns to their standards. They al so
provide transistor simulation nodels and electrical
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properties of integrated circuit structures to be used in
circuit simulators (T-Spice). The electrical properties
for the TSMC 0.18 nmicron process from MOSIS are included in
Appendi x F.

3. L- Edi t

The design process next turned to using the Tanner
Tools layout editor (L-Edit) to construct the |layout of the
16-bit adder from the schematic design. The |ayout of a
design gives a representation of the |ithography nmasks used
for the chip fabrication process. L-Edit is CAD software
used to generate a physical |ayout for the masks to be nade
by Tai wan Seni conduct or. The first step in designing the
integrated circuit mask layout was to set up the design
file. This entailed defining the different layers to be
used in the design, entering design rules for the
fabrication process and defining the technology units to be
used in the design. The |ayer setup assigned different
colors and stipple patterns. Figure 27 details the |ayer

colors and patterns used in the |ayout process.

NFET/PFET INTERCONNECT
N-WELTL B VETAT-1
N-SELECT [ ] VIA-1

P-SELECT METAT -2
ACTIVE : VIA-2
B POLYSILICON METAL-3
Bl ACTIVE CONTACT VIA-3
Bl CO0LY CCNTACT METAL-4
[ ] SUB-CIRCUIT ID VIA-4
+ METAL-5
VIA-5
METAL-6
Fi gure 27. Layers used in 16-Bit Adder Layout.
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This process generally followed the schematic design
process in that it was hierarchical in nature. However, in
a nunber of cases, sub-circuits were designed along a
slightly different hierarchy. For exanple, the SPICE net
list extractor for L-Edit can recognize conbinations of
active and poly as transistors and calculate their gate
di mensi ons. Therefore, it was unnecessary to |ayout
i ndi vidual FETs and then conbine them into gates. Thus,
the mask layout discussed in the follow ng paragraphs
begins i Mmediately with gate | evel design.

The mask |ayout experience gained in laying out the
NOR gate adder (Figure 8) factored into the design approach
of the rest of the [layout. One of the difficulties
encountered in the NOR gate l|layout was the fact that the
fanout of the ALU Generate and Propagate functions was very
| ar ge. The solution was to produce nmnultiple copies of
certain Generate and Propagate vari ables. The effect of

this requirenent was to make the mask | ayout inefficient.

The imedi ate benefit of the NAND design was that it
did not have a fanout problem (Figure 11). The deci sion
was nade to design the heart of the 4-Bit ALU first, to
i nclude horizontal (left to right) Generate and Propagate
vari abl es. The summing circuits flank these variables,
tapping off them The ALU GP circuit and Goup GP circuits
are laid out to the left of the summng circuit and the
overflow circuit is laid out to the right.
B. H ERARCHI CAL LAYOUT DESI GN

1. Level One — Logic Gates

The logic gate layouts were designed to be placed

horizontally next to each other, providing contiguous
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runni ng Vdd and Gnd wires when assenbled into sub-circuits.
This enabled the ease in assenbly of various sized gates
into sub-circuits. For exanple, the 2-Input NAND Gate
schematic from Figure 18 is realized for fabrication in
Fi gure 28. See Appendix B for a conplete listing of gate
| ayout desi gns.
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2. Level Two — Secondary Sub-Circuits
a. Sum G rcuits

The first sub-circuits produced were the sumcircuits.
The logic equations were presented in Figure 11 and their
schematic design in Figure 25. At this point, they are
devoid of specific input variables. Wen they are mated to
the horizontal connections to the ALU Generate and
Propagate functions, the logic equations will be realized.
At this level of design, the task is to construct the
internal circuitry and verify each sumcircuit’s electrical
connectivity. The layout SPICE extractions for each
circuit can be found in Appendix RR The sum circuit

| ayouts are presented in Figures 29 to 31.

Fi gure 30. S1 Grcuit Layout.
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Fi gure 31. S2 and S3 Crcuit Layouts.
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b. 4-Bit ALU Group Generate and Propagate

The 4-Bit ALU Goup GCenerate and Propagate
circuit is physically located to the left of the 4-Bit ALU
GP circuit in the 4-Bit ALU. It simultaneously uses the
input bits A<3..0> and B<3..0> to calculate the Goup
Generate and Propagate for output to the Carry Look-Ahead
Unit. The schematic design is presented in Figure 109.
This layout was constructed later in the process and
| everages sone additional concepts and techniques of VLSI
desi gn. Note that there is little “wasted” space of |just

i nterconnect (Figure 32).

o 0o K ® T N T 1 L) a i o J E ¥ GEROP

e o B A BV g POV Y Qo
R o i §

a4l

Fi gure 32. 4-Bit ALU G oup Generate and Propagate.

The G p P output is realized in the upper right
of the circuit. Note the 4-Input NOR in the mddle of the
upper row of gates that is processing the internediate suns
from the four 2-Input NOR gates to the right. The Gp_ G
output is realized by the 15-Input NAND l|located in the
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upper left of the circuit. The fifteen varying sizes of
NAND gates that send it internediate products are |ocated
in the mddle and lower right of the <circuit. The
i nterconnects that run vertically in the enpty space to the
right wll pass over the 4-Bit ALU GP circuit which is
integrated in that space. The eight darker square pads
into that enpty space indicate where the A<3..0> and
B<3..0> input will drop into the 4-Bit ALU GP circuit.

See  Appendi x B for the layouts of t he
conbi national gate alternatives that were discussed above,
Figures 20 and 21, but not used in the final |ayout.

c. 4-Bit ALU Generate and Propagate (ALU GP)

The schematic design for the ALU Cenerate and
Propagate circuit is presented in Figure 20. In a Ilike
fashion to the process used in the schematic design, the 1-
Bit ALU GP was constructed and then the 4-Bit ALU GP built
from four instances of the 1-Bit ALU GP. The constraining
factor for this design was the spacing of the CGenerate and
Propagate (G&P) inputs into the sum circuits. The G&P
inputs were run into the sumcircuits on the Mtal-3 |ayer

with a separation of 5 |anbda.

vddl vdd?
| &

00

Ciig h ' Gnd?2
Fi gure 33. 1-Bit ALU Generate and Propagate.

In Figure 33, (from left to right) a 2-Input

NAND is calculating the “Generate” (G from the two inputs
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A and B that are being input fromthe left. Next to that,
there is a 2-Input NOR which is calculating the “Propagate”
(P) from the two inputs. There are also two inverters
stacked vertically. The topnost inverter is calculating
the “Not-G (nG and the bottominverter is calculating the
“Not-P" (nP). The outputs (G nG P, nP) are |eaving the
circuit to the right.

The 4-Bit ALU GP consists of four instances of
the 1-Bit ALU GP. In addition, there is one inverter at
the top-right of the layout that calculates the *“Not-G&
(nG) (Figure 34).
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Fi gure 34. 4-Bit ALU Generate and Propagate.
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d. 4-Bit ALU Overfl ow

The 4-Bit ALU Overflow circuit is designed to
attach to the right side of the sumcircuit. The design is
also limted by the Generate and Propagate inputs that are
being provided fromthe Sumcircuit. The G& interconnects
have directed the di nensions of the 4-Bit ALU (Figure 35).

4 o 0 O 3 R
b iaral

A e 1 AT IATAIY T oA AT

Fi gure 35. 4-Bit ALU Overfl ow.
3. Level Three — 4-Bit Adder Circuit

The sum circuits and other sub-circuits were assenbl ed
into the 4-Bit ALU (Figure 36). The inputs (A<3..0> and
B<3..0>) conme into the ALU fromthe left. They are used in
the Goup GP circuit to calculate Gp_G and G p_P and then
G<3..0> and P<3..0> in the ALU GP circuit. G<3..0> and
P<3..0> travel horizontally to the right the length of the
sumcircuits to the overflow circuit. S<3..0> outputs exit
the ALU to the right on Mtal-6. The final signal
calculated is overflow, which also exits on the right.
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4. Level Four — 16-Bit Adder

Four of the 4-bit ALU s have been stacked vertically
to form the 16-bit ALU bl ock. The CLAH has been desi gned
specifically to integrate into the ALU block to conserve

area. This process is denonstrated in Figure 37.

e i L A R ] i -
Fi gure 37. 6-Bit Adder.

Recall that the logic equations used in the CLAH to

calculate the wupper level carries are of different sizes
(Figures 13 and 22). It was not possible to have the 16-
bit adder stacked sequentially from least significant bit
to nost significant bit. In order to realize a CLAH that
would fit into the two ‘slots’ on the left of the 16-bit
adder it was necessary to stagger the order. Figure 35
i ncludes a notation for the sum bits produced by each 4-bit

ALU. See Figure 38 to viewthe final 16-Bit Adder.
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C. LAYOUT VERSUS SCHEMATI C CHECKS

The fabrication mask |ayout was verified as being
identical to the schematic design with the use of the
Tanner Layout Versus Schematic (LVS) program  This program
conpares the SPICE net lists extracted from the |ayout and
schematic design to ensure that they are identical. It
‘flattens” the net lists to the transistor level, then
verifies that all the transistors are the sane and they are

attached the sane; i.e. node check.

Sone difficulties were experienced with this program
It is inportant to have the program settings properly
adjusted. The nobst significant problem encountered was how
the LVS checker handled transistors in series. For
exanple, the inputs into a 6-Input NAND in the schematic
design nmay be in a different sequence than in the |ayout.
Logically, they wll acconplish the sanme function, but
their nodes are different. There is a conmand in LVS to
“conpress” series transistors so this situation won't |ead

to a node error.

Appendi x G includes a pictorial tutorial recomending
certain settings in order to facilitate the LVS check.
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V.  SUWARY AND RECOMMENDATI ONS

A SUMVARY

The 16-Bit Adder w Carry Look-Ahead described in this
thesis is a robust design that functions well wthin the
pi peline register architecture of the DIS. However, the
design and a great anount of the |ayout were devel oped for
a fabrication process utilizing a system voltage of 3.3
vol ts. It was discovered recently that the fabrication
process had evolved to one utilizing a system voltage of
1.8 volts. The effect of this change was to slow the
circuit from being able of neeting the stated goal of 600
MHz clock to 500 MHz clock speed. Addi ti onal design work
has been conducted to achieve the 600 Mz clock speed.
Reconmendati ons are offered below for future work to nodify
t he design to achi eve 600 MHz.

The 16-Bit Adder |ayout occupies an area of 1600 x 900
| anbda. For the 0.18 mcron process, |anbda equals 0.09
m crons. Therefore, the area of one adder is 0.0117 nmft.
The total area used by the 1024 adders for the 512 range
bin DIS will be 12 mf. In addition, it was determ ned that
t he adder has an average current consunption of 0.275 mA
Therefore, the average power consuned by the 512 range bin
DS wIll be 0.5 watts.

Avg Power =iV =1024%x0.275¢-3%1.8 =0.5W ( 5)

The design offers a nunber of capabilities that may be
expl oi t ed. The primary one is that although it was
designed and inplenmented for fabrication as part of an
ASIC, it can readily be inplenented as part of a field
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programmabl e gate array (FPGA) design. The NAND gate |ogic
can be quickly converted into a product-of-suns format that

is efficiently inplenented in an FPGA

A second capability to note is that although it has
been designed to be fully functional within a single stage,
it can be easily pipelined. This may becone necessary if
the fabrication process changes (again), slow ng the adder,
or the requirenments change and the process nust be
acconplished with a faster clock. For a two-stage adder,
the recomendation would be to have the Goup GP, ALU GP
and CLAH circuits in the first stage and the 4-Bit ALU and
Overflow circuits in the second stage. Besi des the
necessity to have another level of registers, this two-
stage pipeline has no additional ALU circuits to be
desi gned.

B. RECOMVENDATI ONS

Schemati c desi gn for t he fol |l ow ng desi gn
nodi fications has been done and testing conducted wthin
the actual register structure of the pipelined VLS design.
The results of this realistic testing are very encouragi ng
as the nodified 16-Bit Adder design was found to be capable
of operating with a 625 Mz clock speed. Details of the
design nodifications described below and the circuit
simul ator are presented in Appendi x H.

1. 16-Bit Overflow Circuit Versus 4-Bit Overflow

A decision was nade to design a 4-Bit Overflow circuit
so as to make the 4-Bit ALU a fully capable unit. Thi s
would provide flexibility in the future if +the design
requi renents were to change, or it becane necessary to have
a 4-Bit ALU w overflow detection. However, when the 4-Bit
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Overflow fabrication |ayout was done, it becane apparent
that it is significant in size [35]. This circuit has 142
transi stors. Since only one overflow circuit is being
utilized in the 16-bit Adder, elimnating the 4-Bit
Overflow from the 4-Bit ALU, and designing an overflow
circuit for the 16-Bit Adder (16-Bit Overflow) would save
426 (142 x 3) transistors per instance of 16-Bit Adder.
For the DIS, wth 1024 instances of the 16-Bit Adder,
that’s a savings of 436,224 transistors!
2. Multiplexing SumCircuits with G

It becane apparent that the sum outputs, particularly
S2 and S3, of the 4-Bit ALU were the ‘long poles in the
tent’ toward reducing the propagation tinme of the 16-Bit
Adder . Experinments in inplenmenting conbinational gates,
vice logic ternms, were found to be ineffective (Figures 20
and 21). However, the multiplexing technique used in the

4-Bit Overflow circuit was very effective in that case

where all of the inputs, except for G, were available
early. This technique was applied to the sum circuit
found to be very advantageous (Appendix H). Prelimnary

simul ations indicate that an additional 0.2-0.3 ns can be
saved from the propagation tine of S2 and S3 by cal cul ati ng
two signals, CisO and G sl, and nultiplexing themwth .
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APPENDI X A. SCHEMATI C DI AGRAM5S W SPI CE NET LI STS

A LEVEL ONE - FI ELD EFFECT TRANSI STORS ( FET)
1. NFET’ s
a. Length = 2 Lanbda, Wdth = 5 Lanbda

[SFICE OUTEOT= M# 20T {5 1245} %4{B} CHMOSK W=5larnbdaL=Z"lambda 48=5 F'larhda™S latrbda 4 D= 5.5 ambda" S ambda
PE=5larrbdas 3.5 ambda« 5 arnbd a+5. 5" lambda PD= 5" ambda+ 5 arebd ae5.5% ambd 2455 arbda)
I
I
]
n
E} o Iﬂ
I
| L
-
I
|
Fi gure 39. NFET L = 2 | anbda, W= 5 | anbda.
b. Length = 2 Lanbda, Wdth = 10 Lanbda

[SPICE QUTPUT= M$ XD} 25} +{5) %{B} CHMOSH W= 10%|arebda L= 2°latnbda A5: 5.5 armbda” 107 armbda AD= 5.5 ammbda™ 10 ambda
PE= 10%1armbd 2+ 5,57 [avnbed as 107 lambd a4 5.5 arnbd a FD= 1071 armbd 2 10° atbd a+ 3.3 ambd 245,57 arnbd a)

"

I
I
o]

i

| T_

B

I =1 fL_:Ezl
|

([

[P

3

Fi gure 40. NFET L = 2 | anbda, W= 10 | anbda.
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2. PFET s
a. Length = 2 Lanbda, Wdth = 5 Lanbda

[EFICE OOTFUT =14 =D} »{ 5} =5} (B} CHOSF W=2"ambdaLl=2"lambda AZ=3"larnbda’3 5% ambda AD=3"ambda™3. 5" armbda
PE=5"larmbda« 3 larmbda« 5 5% ambdas 5 5 ambd a PD= 5" larribd a5 lareibd a0 5.5% arnbda« 5.5  ambd )

&

n
f—O H>—
I
8
|
Figure 41. PFET L = 2 | anbda, W= 5 | anbda.
b. Length = 2 Lanbda, Wdth = 8 Lanbda

[SPICE OUTPUT= H# %D} 545} %45} 3B} CHOSE W= 3laribda Le Zlarbda A% 3 lavbda™s 5 laribda 4 D=5 arbda's 5 larbda
P3=3"larnbdas 3l avbdas 5.5  arbda« 5.5 arribd 2 PD= 8" aribdas 8 armbda+ 5.5 ambd a5 5 arda)

2

| s

|
[ |
O >
I
N
I
I
Fi gure 42. PFET L = 2 | anbda, W= 8 | anbda.
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C. Length = 2 Lanbda, Wdth = 10 Lanbda

[SEICE OUTFUT=M# 24D} XG5 2B CMOSE W= 107 atnbda L= 27l armbda A5= 107 armbda™S 5 arnbda A D= 107 ambda™s. 3 lambda
PE= 107 arnbd a+ L% g d 2+ 5.5 o d 2+ 3.5 [ avmbd a P D= 107 avnbd 2 10°armbd 2+ 5,57 armbd 2+ 5,57 armibd 2]

H

—|

S IR | 27 fin s

D

Fi gure 43. PFET L = 2 | anbda, W= 10 | anbda.
d. Length = 2 Lanbda, Wdth = 14 Lanbda

[SPICE QOUTFPUT= M3 =D} %G} {5} 2{B} CHMOSE = 14" ambda L= 2 labda 45= 147 ambda™5 5% srebda 4 D= 147 arebd a™5.5  anbd a
Po= 147 avrbd 3+ 147 arebd 2+ 5.5 2rnbd 2+ 5.5 ambd a PD= 147 [ snbd e 147 spebd 20557 arebd 245,57 arnbd 2)

"

Fi gure 44. PFET L = 2 | anbda, W= 14 | anbda.
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e. Length = 2 Lanbda, Wdth = 17 Lanbda

[SPICE QUTPUT=M# 2D} M5} M5} 3B CHOSE W= 17" lawnbda L=2"larbda AS= 177l armbd ™0 5 lavbd s AD= 17 1armbd ™S 5 ek da
PE=17"larnbdas 17"l atmbdas 3.5 lambd 2+ 5.5  arnbda PD= 17" latmbdas 17 arnbd 2+ 5.5  arebd 2+ 55" L armbd a]

3

Fi gure 45. PFET L = 2 | anbda, W= 17 | anbda.
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B. LEVEL TWO — LOQ C GATES

1. I nverter
7dd |
Lvdd |
. jl
|
|
N |
S
I —
> 0>
D
] I |
a T |
I |
|
|
[ O —— J
Fi gure 46. I nverter.

* SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 14, 2001 at 14:48:35

* Main circuit: caa I NV

ML Qut In Ghd Ghd CMOSN WES* | anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 Qut In Vdd vdd CMOSP We14*| ambda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa_ I NV

. END
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2. NAND
a. 2- 1 nput

(i)
. |
I 1 I |
O O
\L_| [l
|
’ L
: e
s
E T
{1 -
Fi gure 47. 2- 1 nput NAND.

* SPICE netlist witten by S-Edit Wn32 6.00

* Witten on May 15, 2001 at 10:52:56

* Main circuit: caa_ NAND2

ML NAND2 A N1 Ghd CMOSN W5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anrbda*5*| anbda
PS=5*| anmbda+5. 5*| anbda+5*| anmbda+5. 5*| anbda
PD=5*| anmbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 B Ghd Ghd CMOSN WeS* | anbda L=2*1 anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 NAND2 B Vdd Vdd CMOSP W£10*| anbda L=2*| anbda
AS=10*| anbda*5. 5*| anbda AD=10*| anbda*5. 5*| anbda
PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NAND2 A Vdd Vdd CMOSP W£10* | anbda L=2*| anbda
AS=10*| anbda*5. 5*| anbda AD=10*| anbda*5. 5*| anbda
PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anbda+10* | anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa_ NAND2

. END
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b. 3- | nput

[ ES [,
9 I It
LR
I
I
[z
Fi gure 48. 3- 1 nput NAND. —

* SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 15, 2001 at 09:22:46

* Main circuit: caa_NAND3

ML NAND3 A N2 Gnd CMOSN We5*| anbda L=2*| anmbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anbda
PD=5*| ambda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N2 B N3 Ghd CMOSN WeS*| ambda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| ambda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N3 C Ghd Ghd CMOSN WES* | anbda L=2*1 anbda
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AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anrbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NAND3 C Vdd Vdd CMOSP W£10* | anbda L=2*| anbda
AS=10*| anbda*5. 5*| anbda AD=10*| anbda*5. 5*| anbda
PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

Mo NAND3 B Vdd Vdd CMOSP W£10* | anbda L=2*| anbda
AS=10*| ambda*5. 5*| anbda AD=10*| anbda*5. 5*| anbda
PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anbda+10* | anbda+5. 5*| anbda+5. 5*| anbda

M6 NAND3 A Vdd Vdd CMOSP W£10* | anbda L=2*| anbda
AS=10*| anbda*5. 5*| anbda AD=10*| anbda*5. 5*| anbda
PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa NAND3

. END
C. 4- | nput
L)

[
|Ea
|Fa
| .

& =

Fi gure 49. 4- | nput NAND.
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*

SPICE netlist witten by S-Edit Wn32 6.00

* Witten on May 15, 2001 at 09:37:19

*

ML

VB

*

Mai n circuit: caa_NAND4

NAND4 A N4 Gnd CMOSN WES*| ambda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anmbda+5. 5*| anbda

N4 B N2 Ghd CMOSN We5* | anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N2 C N1 Ghd CMOSN W=5* | anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N1 D Ghd Ghd CMOSN WeS5* | anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anbda
PD=5*| anmbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

NAND4 A vdd vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| anmbda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda

NAND4 B vdd vdd CMOSP W8* | anbda L=2*| anbda
AS=8*| anmbda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

NAND4 C vdd vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| anbda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anmbda+8*| anbda+5. 5*| anrbda+5. 5*| anbda

NAND4 D vdd vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

End of main circuit: caa NAND4

. END
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d. 5- 1 nput

Fi gure 50. 5- 1 nput NAND.

* SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 15, 2001 at 09:37:50

* Main circuit: caa_NAND5

ML NAND5 A N1 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| ambda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 B N5 Ghd CMOSN WES* | ambda L=2*| anbda
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(%4

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anrbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
N5 C N8 Ghd CMOSN We5* | anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anmbda+5*| anbda+5. 5*| anmbda+5. 5*| anbda
N8 D N11 Gnd CMOSN W5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anrbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anmbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
N11 E Ghd Gnd CMOSN WES*| ambda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND5 A vdd vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| anmbda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
NAND5 B vdd vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
NAND5 C vdd vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
NAND5 D vdd vdd CMOSP W8* | anbda L=2*| anbda
AS=8*| anbda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

MLO NAND5 E vdd Vdd CMOSP Ws8*| anbda L=2*| anbda

*

AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

End of main circuit: caa NAND5

. END
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e. 6- | nput

HAH

Fi gure 51. 6- 1 nput NAND

* SPICE netlist witten by S-Edit Wn32 6. 00
* Witten on May 15, 2001 at 09:50: 35

* Main circuit: caa_NAND6

ML NAND6 A N6 Gnd CMOSN W5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anbda
PD=5*| anmbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N6 B N5 Ghd CMOSN WES* | ambda L=2*1 anbda
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AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anrbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N5 C N Ghd CMOSN WES* | ambda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anmbda+5*| anbda+5. 5*| anmbda+5. 5*| anbda

ML N4 D N2 Ghd CMOSN WES* | ambda L=2*1 anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anrbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anmbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

Mo N2 E N1 Ghd CMOSN WES*| ambda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M6 N1 F Ghd Ghd CMOSN WES* | anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M7 NAND6 E Vdd Vdd CMOSP Wt8*| ambda L=2*| anbda
AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda

MB NAND6 D Vdd Vdd CMOSP Wt8*| ambda L=2*| anbda
AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

M0 NAND6 C Vdd Vdd CMOSP Wt8*| ambda L=2*| anbda
AS=8*| anbda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

MLO NAND6 B Vvdd Vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda

ML1 NAND6 A Vvdd vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| ambda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anmbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda

ML2 NAND6 F Vvdd Vdd CMOSP We8* | anbda L=2*| anbda
AS=8*| anmbda*5. 5*| anbda AD=8*| anbda*5. 5*| anbda
PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anmbda+8*| anbda+5. 5*| anmbda+5. 5*| anbda

* End of main circuit: caa_ NANDG6

. END
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Fi gure 52. 8- 1 nput NAND.

* SPICE netlist witten by S-Edit Wn32 7.00
* Witten on Aug 24, 2001 at 15:09: 10

* Main circuit: caa_ NANDS
ML NAND8 A N1 Gnd CMOSN We5*| ambda L=2*| anbda

M

VB

w4

N1

N5

N8

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

B N5 Ghd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

C N8 Ghd CMOSN WS5*| ambda L=2*| anbda

AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anbda

D N11 Ghd CMOSN We5* | anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| ambda+5. 5*| anmbda+5. 5*| anbda

Mb N11 E N14 Ghd CMOSN W=5*| ambda L=2*| anbda
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AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

M6 N14 F N17 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M7 N17 G N20 Gnd CMOSN WS5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

MB N20 H Ghd Gnd CMOSN WS*| ambda L=2*| anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M0 NAND8 G Vdd vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anrbda

MLO NANDS H Vdd vdd CMOSP W£5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML1 NANDS8 F Vvdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML2 NANDS8 E Vvdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML3 NAND8 D Vdd Vdd CMOSP W5*| ambda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anmbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML4 NANDS C Vvdd vdd CMOSP W£5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML5 NANDS B Vdd vdd CMOSP Ws5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML6 NANDS A Vvdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa_ NAND8

. END
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Fi gure 53. 9- 1 nput NAND

* SPICE netlist witten by S-Edit Wn32 6.00

* Main circuit: caa_NAND9

ML NAND9 A N1 Ghd CMOSN W£5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

M2 N1 B N5 Ghd CMOSN WeS5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N5 C N8 Ghd CMOSN We5%| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 N8 D N11 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anmbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

Mb N11 E N14 Gnd CMOSN WS*| ambda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anrbda
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PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M6 N14 F N10 Gnd CMOSN W5*| anmbda L=2*| anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M7 N10 G N12 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

MB N12 H N15 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

M0 N15 | Gnd Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

MLO NAND9 G Vvdd Vdd CMOSP W5*| anmbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anmbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML1 NAND9 H vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML2 NAND9 | Vdd N25 CMOSP W5*| ambda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anmbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

ML3 NAND9 F Vvdd vdd CMOSP W£5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

ML4 NAND9 E Vdd vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML5 NAND9 D Vvdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML6 NAND9 C Vvdd Vdd CMOSP W5*| ambda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*%| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML7 NAND9 B Vvdd Vdd CMOSP W5*| ambda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

ML8 NAND9 A Vdd vdd CMOSP W£5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa_NAND9

. END
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* SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 15, 2001 at 10:34:36

* Main circuit: caa_ NAND13

ML N13 J N15 Gnd CMOSN W10*1 anbda L=2*| anbda
AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anrbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N15 K N18 Gnd CMOSN W10*1 anbda L=2*| anbda
AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N18 L N1 Ghd CMOSN Wt10*| anbda L=2*| anbda
AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| arbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anrbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NAND13 A N4 Gnd CMOSN We10*| ambda L=2*| anbda

70



Vb

Vb

w7

AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

N4 B N6 Ghd CMOSN WE10*| anbda L=2*| anbda

AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| arbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

N6 C N8 Ghd CMOSN W:10*| ambda L=2*| anbda

AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| arbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

N8 D N14 Gnd CMOSN We10*| ambda L=2*| anbda

AS=5. 5*| ambda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anrbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

MB N14 E N9 Ghd CMOSN We10*| anbda L=2*| anbda

M

MLO

ML1

ML2

ML3

ML4

ML5

ML6

ML7

AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

N9 F N17 Ghd CMOSN WE10*| anbda L=2*| anbda

AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
N17 G N23 Gnd CMOSN WE10*| anbda L=2*| anbda
AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anrbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
N23 H N12 Gnd CMOSN WE10*| anbda L=2*| anbda
AS=5. 5*| ambda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anrbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
N12 | N13 Gnd CMOSN WE10*| anbda L=2*| anbda
AS=5. 5*| ambda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anrbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
N1 M Ghd Gnd CMOSN WE10*| ambda L=2*| anmbda
AS=5. 5*| anbda* 10*| anbda AD=5. 5*| anbda* 10*| anbda
PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
NAND13 | Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND13 H vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND13 G vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND13 F vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
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ML8

ML9

M20

M1

M2

M3

M4

M5

M26

NAND13 E Vvdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

NAND13 D Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

NAND13 C Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

NAND13 B VvVdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

NAND13 A Vvdd Vdd CMOSP W5*| ambda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

NAND13 J VvVdd Vdd CMOSP W5*| ambda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anbda

NAND13 K Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anbda

NAND13 L Vvdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

NAND13 M Vvdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa NAND13
. END
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Fi gure 55. 15-1 nput NAND

SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 20, 2001 at 21:20:16

* Main circuit: caa_NAND15
ML N6 N N4 Ghd CMOSN We15*| ambda L=2*| ambda

VB

V4

N4

N5

N7

AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anrbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

O Ghd Ghd CMOSN We15* | anbda L=2*| anbda

AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

M N6 Ghd CMOSN We15*| anbda L=2*| anbda

AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

L N5 Ghd CMOSN We15* | anbda L=2*| anbda

AS=5. 5*| ambda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anrbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anrbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

73




MLO

ML1

ML2

ML3

ML4

ML5

ML6

ML7

ML8

N2 K N7 Ghd CMOSN We15* | anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anrbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N8 J N2 Gnd CMOSN W15*| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N3 | N8 Gnd CMOSN W15*| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anrbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N9 H N3 Ghd CMOSN We15*| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anrbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N10O G N9 Gnd CMOSN We15*| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| arbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N12 F N10 Gnd CMOSN W15*| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N13 E N12 Ghd CMOSN W=15*| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N14 D N13 Gnd CMOSN WE15*%| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| arbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N11 C N14 Gnd CMOSN WE15*%| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anrbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| arbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
N15 B N11 Gnd CMOSN W15*| anbda L=2*| anbda
AS=5. 5*| ambda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anrbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| arbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 A N15 Gnd CMOSN We15*| anbda L=2*| anbda
AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda
PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 | VvVdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 H vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 G vdd Vdd CMOSP W5*| anbda L=2*| anbda
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ML9

MO

M1

M2

M23

M4

M5

M6

M7

M8

M9

MBO

AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda
NAND15 F Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 E vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 D vdd Vdd CMOSP W5*| anmbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anmbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 C vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anrbda
NAND15 B Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 A vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 J vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 K vdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anmbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 L Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 M Vdd Vdd CMOSP We5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 N vVdd Vdd CMOSP W5*| anbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
NAND15 O vdd Vdd CMOSP W5*| anmbda L=2*| anbda
AS=5*| anbda*5. 5*| anbda AD=5*| anbda*5. 5*| anbda
PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa_ NAND15
. END
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a. 2- | nput
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Fi gure 56. 2-1 nput NCOR

* SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 29, 2001 at 08:39:50

* Main circuit: caa NOR2

ML NOR2 A Ghd Ghd CMOSN W£5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anmbda+5. 5*| anrbda

M2 NOR2 B Ghd Gnd CMOSN WE5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 NOR2 B N5 Vdd CMOSP W17%1 anbda L=2*| anbda
AS=17*| anbda*5. 5*| anbda AD=17*| anbda*5. 5*| anbda
PS=17*| anrbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anrbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

M4E N5 A vdd vdd CMOSP Wel7*| anbda L=2*| anbda
AS=17*| anbda*5. 5*| anbda AD=17*| anbda*5. 5*| anbda
PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anrbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

* End of nain circuit: caa NOR2

. END
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b. 4- 1 nput
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~— Figure 57, 4-Tnput NOR

* SPICE netlist witten by S-Edit Wn32 6.00

* Witten on May 20, 2001 at 20:46: 37

* Main circuit: caa NOR4

ML NOR4 A Gnd Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 NOR4 B Gnd Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 NOR4 C Ghd Ghd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NOR4 D Gnd Ghd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M NOR4 B N5 Vdd CMOSP W17%1 anbda L=2*| anbda
AS=17*| anbda*5. 5*| anbda AD=17*| anbda*5. 5*| anbda
PS=17*| ambda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anrbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
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M6 N5

M7 N1

MB N3

* End
. END

A N1 Vdd CMOSP We17*| ambda L=2*| ambda

AS=17*| anbda*5. 5*| anbda AD=17*| anbda*5. 5*| anbda

PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| ambda+17*| anbda+5. 5*| anbda+5. 5*| anbda
C N3 vdd CMOSP W17*1 anbda L=2*| anbda

AS=17*| anbda*5. 5*| anbda AD=17*| anbda*5. 5*| anbda

PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
D vdd vdd CMOSP We17*| anbda L=2*| anbda

AS=17*| anbda*5. 5*| anbda AD=17*| anbda*5. 5*| anbda

PS=17*| anrbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

of main circuit: caa NOR4
4. 2X1 Ml tipl exer
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Fi gure 58.

2X1 Ml tipl exer.
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* SPICE netlist witten by S-Edit Wn32 7.00
* Witten on Aug 24, 2001 at 15:59: 26

* Main circuit: caa MJX 2x1 ACT

Xcaa_INV_1 G0 nCO Gnd Vdd caa_ | NV

Xcaa_INV_2 Cis0O nCisO Grd Vdd caa_| NV

Xcaa_INV_3 Cisl nCisl Gid Vdd caa_| NV

ML N4 nCO Gnd Ghd CMOSN We5%| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 Ov nCisO Nd Ghd CMOSN WeS5* | anbda L=2*| anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N10 CO Gnd Ghnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anrbda

M4 Ov nCi sl N1IO Ghd CMOSN WE5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

Mb N3 CO vdd Vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anmbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

M6 Ov nCsO N3 Vdd CMOSP W14*| ambda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

M7 N8 nCO Vdd vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

MB Ov nCisl N8 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

* End of main circuit: caa MJX 2x1 ACT

. END
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C LEVEL THREE — SECONDARY SUB- Cl RCUI TS
1. 4-Bit ALU G oup Generate and Propagate (Gp GP)
a. Logic Group GP

BoBBEEEEE

Fi gure 59. 4-Bit ALU G oup Generate and Propagate.

* Main circuit: caa Gp_PG

Xcaa_NAND15 1 N75 N70 N64 N60 N54 NA9 N4A3 N16 N34 N29 N23 N2 + N12 N7
G p_G Nl Grd Vdd caa_NAND15

Xcaa_NAND2 1 B3 A3 N16 Gnd Vdd caa_NAND2
Xcaa_NAND3_1 B2 A2 A3 N60 Gnd Vdd caa_NAND3
Xcaa_NAND3 2 B2 B3 A2 N2 Gnd Vdd caa_NAND3
Xcaa_NAND4_1 Bl B2 B3 Al N7 Gnd Vdd caa_NAND4
Xcaa_NAND4A_3 Bl B3 Al A2 N29 Gnd Vdd caa_NAND4
Xcaa_NAND4 4 Bl B2 Al A3 N49 Gnd Vdd caa_NAND4
Xcaa_NAND4 5 Bl Al A2 A3 N70 Gnhd Vdd caa_NAND4
Xcaa_NAND5_1 BO B1 B2 B3 A0 N1 Gnd Vdd caa_NAND5
Xcaa_NAND5_2 BO B2 B3 A0 Al N12 Gnd Vdd caa_NAND5
Xcaa_NAND5_3 BO B1 B3 A0 A2 N23 Gnd Vdd caa_NAND5
Xcaa_NAND5 4 BO B3 A0 Al A2 N34 Gnd Vdd caa_NANDS
Xcaa_NAND5_5 BO B1 B2 A0 A3 N43 Gnd Vdd caa_NAND5
Xcaa_NAND5_6 BO B2 A0 Al A3 N54 Gnd Vdd caa_NAND5
Xcaa_NAND5_7 BO B1 A0 A2 A3 N64 Gnd Vdd caa_NAND5
Xcaa_NAND5_8 BO A0 Al A2 A3 N75 Gnd Vdd caa_NAND5
Xcaa_NOR2_1 B3 A3 N3 Gnd Vdd caa_NOR2
Xcaa_NOR2_2 B2 A2 N5 Gnd Vdd caa_ NOR2
Xcaa_NOR2_3 Bl Al N10 Gnd Vvdd caa_NOR2

Xcaa NOR2 4 BO A0 N14 Gnd Vdd caa NOR2
Xcaa_NOR4_1 N14 N10 N5 N3 G p_P Gnd Vdd caa_NOR4
* End of main circuit: caa G p_PG

. END
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b. Combi national Gate G oup G
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Fi gure 60. Conbi national Gate G oup G -

* SPICE netlist witten by S-Edit Wn32 7.00
* Witten on Aug 3, 2001 at 11:46: 39

* Main circuit: caa G pG

ML Ghd N1 Gp_G Ghd CMOSN WeS*| anbda L=2*1 anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 Al N10 Gnd CMOSN WS5*| ambda L=2*| anbda
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MLO

ML2

ML3

ML4

ML5

N1

N1

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

A2 N110 Gnd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

B2 N110 Ghnd CMOSN We5%1 anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

A2 N8 Gnd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

A3 N110 Ghd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anrbda

B2 N110 Gnd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

Bl N6 Ghd CMOSN We5*| anbda L=2*1 anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N114 BO N7 Gnd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N1 A0 N114 Gnd CMOSN Wt5*| ambda L=2*| ambda

AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N7 A1l N6 Gnd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N6 A2 N110 Ghd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N106 A3 Gnd Gnd CMOSN We5*| anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N4 B2 N106 Gnd CMOSN Wt5*| ambda L=2*| ambda

AS=5. 5*| anmbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N7 B1 N4 Gid CMOSN WeS5*| anbda L=2*| anbda

AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anmbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
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ML6

ML7

ML8

ML9

MO0

M1

M2

M3

R4

M25

M6

M7

M8

M29

N10 Bl N9 Gnd CMOSN W5*| anmbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anmbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N7 A1 Nd Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

N9 B2 N110 Gnd CMOSN WES5*| ambda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N4 A2 N106 Gnd CMOSN We5*%| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N2 B2 N106 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N117 B1 N2 Ghd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anbda

N1 Al N117 Ghd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anbda

N118 B2 N106 Gnd CMOSN W5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N1 A2 N118 Ghd CMOSN We5*%| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N110 B3 Gnd Gnd CMOSN We5* | anbda L=2*| anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N2 A2 N106 Ghd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

N16 A0 vdd vdd CMOSP W14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N16 BO Vdd vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N17 Al N19 vdd CMOSP We14*| anbda L=2*| anbda
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MBO

MB1

MB2

MB3

VB4

MB5

MB6

MB7

VB8

VB9

M40

w1

w2

AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N19 Bl Vdd Vdd CMOSP Wt14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N20 Bl N17 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N21 Al N20 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N21 A2 N17 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N17 B2 Vdd vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N21 B3 Vdd vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N16 A3 N21 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N23 B2 N21 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N22 Bl N21 vdd CMOSP W14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N23 Al N22 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N16 A2 N23 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N24 Bl N23 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
N16 Al N24 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| ambda+14*| anbda+5. 5*| anbda+5. 5*| anbda
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V43

M4

W45

M6

w7

V48

W49

M0

M1

Vb2

Vb3

Vb4

M5

Mb6

N29 Al N16 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N29 Bl N16 vVdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N26 B2 N16 vVdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N29 A2 N26 Vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| ambda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N29 A3 N16 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N25 A2 N29 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N25 B2 N29 vdd CMOSP W14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N25 A3 N29 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N30 Al N25 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N30 Bl N25 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N27 B2 N25 vdd CMOSP W14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N30 A2 N27 Vdd CMOSP Wt14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N1 B3 N25 Vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

N28 A2 N30 vdd CMOSP We14*| anbda L=2*| anbda
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AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
M67 N28 B2 N30 Vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
Mb8 N1 A3 N28 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
Mb9 Vdd N1 Grp_G Vdd CMOSP W:14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
* End of nmain circuit: caa G pG

. END
c. Conbinational Gate Goup P
m
9
1
Jf—
= op—
4f—
4p—
4b—
°|E|~— |—C+Ej
5 L
Fe——d
= 1
I[r &
Figure 61. - Conbi national Gate G oup P.
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* SPICE netlist witten by S-Edit Wn32 7.00
* Witten on Jul 24, 2001 at 17:03:52

* Main circuit: caa_G pP

ML Gnd A0 N14 Ghd CMOSN W£5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

M2 N14 BO Gnd Gnd CMOSN WE5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N13 Bl N14 Ghd CMOSN We5%| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 N14 Al N13 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anmbda+5. 5*| anrbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

Mb N12 B2 N13 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M6 N13 A2 N12 Gnd CMOSN We5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anbda+5. 5*| anbda

M7 N8 B3 N12 Gnd CMOSN W5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

MB N12 A3 N8 Gnd CMOSN W5*| anbda L=2*| anbda
AS=5. 5*| anbda*5*| anbda AD=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M Gnd N8 G p_P Gnd CMOSN WeS* | anbda L=2*| anbda
AS=5. 5*| ambda*5*| anbda AD=5. 5*| anbda*5*| anmbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

MLO N4 B3 N8 Vdd CMOSP Wt14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

MLl Vdd A3 N4 Vdd CMOSP Wt14*| ambda L=2*| ambda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

ML2 N3 B2 N8 Vdd CMOSP W14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

ML3 Vdd A2 N3 vdd CMOSP We14*| anbda L=2*| anbda
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AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
ML4 N2 Bl N8 Vdd CMOSP W14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
ML5 Vdd A1l N2 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anrbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
ML6 N1 BO N8 Vdd CMOSP W14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
ML7 Vdd A0 N1 vdd CMOSP We14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
ML8 Vdd N8 Grp P VvVdd CMOSP W:14*| anbda L=2*| anbda
AS=14*| anbda*5. 5*| anbda AD=14*| anbda*5. 5*| anbda
PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
* End of main circuit: caa_G pP
. END
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2. 4-Bit ALU Generate and Propagate (GP)
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Fi gure 62. 4-Bit ALU CGenerate and Propagate.

* SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 15, 2001 at 13:34:17

. SUBCKT caa_PG GENx1 A B G nG nP P Ghd Vdd
Xcaa INV_.1 G nG Gnd Vdd caa | NV
Xcaa_INV_2 P nP Ghd Vvdd caa_| NV
Xcaa_NAND2 1 A B G Gnd Vdd caa_NAND2
Xcaa_NOR2_ 1 A B P Gnd Vdd caa NOR2

. ENDS

* Main circuit: PG GENx4

Xcaa_PG GENx1 1 A0 BO G0 n@& nPO PO Gnd Vdd
Xcaa_PG GENx1_2 Al B1 Gl nGl nP1 P1 Gnd Vdd
Xcaa_ PG GENx1_3 A2 B2 & n& nP2 P2 Gnd Vdd
Xcaa_PG GENx1_4 A3 B3 G3 nG3 nP4 P3 Gnd Vdd
* End of main circuit: PG GENx4

. END
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4-Bit Overfl ow
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Fi gure 63.

4-Bit Overfl ow.
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* SPICE netlist witten by S-Edit Wn32 7.00

* Witten on Aug 23, 2001 at 14:03:42

* Main circuit: caa overflow

Xcaa_INV_1 nG0 &0 Ghd Vdd caa_ | NV

Xcaa_INV_2 PO nPO Gnd Vdd caa_ | NV

Xcaa_INV_3 nGlL GL Gnd Vdd caa | NV

Xcaa_INV_4 P1 nP1 Gnd Vdd caa | NV

Xcaa INV.5 n@ & Gid Vvdd caa | NV

Xcaa INV_6 P2 nP2 Gnd Vdd caa | NV

Xcaa_INV_7 G3 n&G Gnd Vdd caa | NV

Xcaa_|I NV_8 nP3 P3 Gnd Vdd caa | NV

Xcaa_MJUX 2x1 ACT 1 CO N3 N2 Ov Gnd Vdd caa MJUX 2x1_ ACT
Xcaa NAND4 1 nG3 & GL &0 N1 Ghd Vdd caa_ NAND4

Xcaa NAND4 2 n@G P3 nP2 nPl1 N10 Gnhd Vdd caa_NAND4
Xcaa_NAND4 3 nG3 P2 nP1 nPO N9 Gnd Vdd caa_ NAND4
Xcaa_NAND4 4 nG3 P2 nP1 N8 Gnd Vdd caa_NAND4
Xcaa_NAND4 5 nG3 P1 nPO N7 Gnd Vdd caa_NAND4
Xcaa_NAND4 6 n@& P3 nPO N19 Gnd Vdd caa_ NAND4

Xcaa_ NAND4 7 n@& @D P3 N6 Gnd Vdd caa NAND4
Xcaa_NAND4 8 nGl P3 nP2 N4 Gnd Vdd caa_NAND4
Xcaa_NAND4 9 nG3 GL PO N5 Ghd Vdd caa_NAND4
Xcaa_NAND4 10 P3 nP2 nP1 nPO N46 Gnd Vdd caa_ NAND4
Xcaa_NAND8_1 N1 N10 N9 N8 N7 N19 N6 N17 N3 Gnd Vdd caa_NANDS
Xcaa_NAND8 2 N9 N8 N7 N19 N18 N4 N5 N46 N2 Gnd Vdd caa_NANDS
* End of main circuit: caa_overfl ow

. END

RBRREE

4. Carry Look- Ahead (CLAH)

CRCECRCECEGACRCRG)

Fi gure 64. 16-Bit Carry Look- Ahead.
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* SPICE netlist witten by S-Edit Wn32 6.00
* Witten on May 25, 2001 at 10:48: 45

* Main circuit: caa_CLAH

Xcaa_INV_1 GO N28 Gnd Vdd caa_ | NV

Xcaa_INV_2 GL N27 Gnd Vdd caa | NV

Xcaa_INV_3 & N26 Gnd Vdd caa | NV

Xcaa INV_4 G3 N25 Gnd Vdd caa | NV
Xcaa_NAND2_1 C0 PO N24 Gnd Vdd caa_NAND2
Xcaa_NAND2 2 &0 P1 N23 Gnd Vdd caa_ NAND2
Xcaa_NAND2 3 GL P2 N22 Gnd Vdd caa_NAND2
Xcaa_NAND2 4 & P3 N21 Gnd Vdd caa_NAND2
Xcaa NAND2 5 N28 N24 C4 Gnd Vdd caa_NAND2
Xcaa_NAND3_1 C0 P1 PO N18 Gnd Vdd caa_NAND3
Xcaa_NAND3_2 (0 P2 P1 N17 Gnd Vdd caa_NAND3
Xcaa_NAND3 3 GL P3 P2 N16 Gnhd Vdd caa_ NAND3
Xcaa_NAND3 4 N27 N23 N18 C8 Gnd Vdd caa_NAND3
Xcaa_NAND4_1 Q0 P2 P1 PO N12 Gnhd Vdd caa_NANDA4

Xcaa_NAND4 2 Q0 P3 P2 P1 N11 Ghd Vdd caa NAND4

Xcaa NAND4 3 N26 N22 N17 N12 Cl2 Gnd Vdd caa NANDA4
Xcaa_NAND5 1 CO P3 P2 P1 PO N6 Gnd Vdd caa_NAND5
Xcaa_NAND5_2 N25 N21 N16 N11 N6 Cl16 Gnd Vdd caa_NANDS
* End of main circuit: caa CLAH

. END
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LEVEL FOUR - 4-BI T ALU
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Fi gure 65.

4-Bit ALU
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* SPICE netlist witten by S-Edit Wn32 7.00

* Witten on Aug 23, 2001 at 14:04:28

* Main circuit: caa Adderx4

Xcaa_NAND13 1 NA5 N44 NA3 N4A2 NAO N38 N37 N39 N41 N46 N47
+ NA8 N49 S3 Gnd Vdd caa_NAND13

Xcaa_NAND2 1 CO nG N20 Gnhd Vdd caa_NAND2

Xcaa_NAND2 2 CO PO N19 Gnd Vdd caa_NAND2

Xcaa NAND2_3 nGl nG N27 Ghd Vdd caa_NAND2

Xcaa_NAND2_4 n@0 P1 N26 Gnd Vdd caa_NAND2

Xcaa_NAND2 5 n& nGlL N34 Gnd Vdd caa_ NAND2

Xcaa_NAND2 6 nGl P2 N32 Gnhd Vdd caa_NAND2

Xcaa_NAND3 1 nCO G0 nPO N21 Gnd Vdd caa_NAND3

Xcaa NAND3 2 CO nGlL nPO N23 Gnd Vvdd caa_NAND3
Xcaa_NAND3_3 GL nP1 PO N24 Gnd Vdd caa_NAND3
Xcaa_NAND3_4 CO P1 nPO N25 Gnd Vdd caa_NAND3
Xcaa_NAND3 5 n&@ n@& nP1 N33 Gnhd Vdd caa_ NAND3
Xcaa_NAND3 6 &2 nP2 P1 N31 Gnd Vdd caa_NAND3
Xcaa_NAND3 7 GL n&R nG3 N49 Gnd Vdd caa_NAND3

Xcaa NAND3 8 nP0O P3 n& N46 Gnd Vvdd caa_ NAND3
Xcaa_NAND3_9 nP2 P3 nGl N37 Ghd Vdd caa_NAND3
Xcaa_NAND3 10 n@ P2 nP1 N29 Gnhd Vdd caa_ NAND3
Xcaa_NAND3_11 N20 N19 N21 SO Gnd Vdd caa_NAND3
Xcaa_NAND4 1 nCO Gl G0 nPl N22 Gnd Vdd caa_ NAND4

Xcaa NAND4 2 CO n& nPl nPO N30 Gnhd Vdd caa_NAND4
Xcaa_NANDA_3 G Gl nP2 PO N35 Gnd Vdd caa_NAND4
Xcaa_NAND4 4 CO P2 nP1 nPO N36 Gnd Vdd caa_ NAND4
Xcaa_NAND4 5 nP2 G0 nGL nG3 N48 Gnd Vdd caa_NAND4

Xcaa_ NAND4 6 nP1 nP2 nG nG N47 Gnd Vdd caa NAND4

Xcaa NAND4 7 &0 P3 Gl n&Q N41 Gnd Vdd caa_NAND4
Xcaa_NAND4 8 nP1 P2 nP3 G3 N39 Gnd Vdd caa_ NAND4
Xcaa_NAND4 9 nP3 P1 & G3 N38 Gnd Vdd caa_NAND4
Xcaa_NAND5 1 nC0 &R GL &0 nP2 N28 Gnd Vdd caa_ NAND5

Xcaa NAND5 2 nP1 nP2 P3 nQ G3 N4O Gnd Vdd caa_ NAND5
Xcaa NAND5 3 nPO nP1 nP2 nG CO N43 Gnd Vvdd caa_ NAND5
Xcaa_NAND5_4 PO nP3 GL & G3 N44 Gnd Vdd caa_NAND5
Xcaa_NAND5_5 nPO nP1 nP2 P3 CO N45 Gnd Vdd caa_NANDS
Xcaa_NAND6 1 nP3 G0 GL & &G nC0 N42 Gnd Vdd caa_NANDG
Xcaa_NANDG6_2 N27 N26 N22 N23 N24 N25 S1 Gnd Vdd caa_NAND6
Xcaa_NAND9_1 N34 N33 N32 N31 N29 N28 N30 N35 N36 S2 Gnd Vdd caa_NAND9
Xcaa_overflow 1 CO G3 nG nGl n& nP3 Ov PO P1 P2 Ghd Vdd
+ caa_overfl ow

XPG GEN 1 A0 A1 A2 A3 B0O BL B2 B3 Q0 Q0 GL & G nC ni& nGl
+ n& nG3 nPO nP1 nP2 nP3 PO P1 P2 P3 Gnhd Vdd caa_ PG GENx4
* End of main circuit: caa_Adderx4

. END
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LEVEL FI VE - 16-BI T ADDER

E

16-Bit Adder.

Fi gure 66.
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* SPICE netlist witten by S-Edit Wn32 7.00
* Witten on Aug 23, 2001 at 19:37:19

* Main circuit: caa_Adderx16

XALUx4_1 A0 Al A2 A3 BO B1 B2 B3 CO N11 N12 N1 SO S1 S2 S3 Gnd Vvdd ALWx4
XALUx4 2 A4 A5 A6 A7 B4 B5 B6 B7 N8 N9 N10 N2 S4 S5 S6 S7 Gad vdd ALUx4
XALUx4_3 A8 A9 A10 All B8 B9 B10 B11l N5 N6 N7 N3 S8 S9 S10 S11 Gnd Vvdd
+ ALUx4

XALUx4_4 A12 Al3 Al4 Al5 B12 B13 B14 B15 N14 N15 N4 Ov S12 S13 S14 Si15
+ Gnd vdd ALUx4

Xcaa_CLAH 1 CO N8 N5 N14 C16 N11 N9 N6 N15 N12 N10 N7 N4 Gnd Vvdd

+ caa_CLAH

* End of main circuit: caa_Adderx16

. END
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APPENDI X B. FABRI CATI ON LAYQUTS W SPI CE NET LI STS

A. LEVEL ONE — LOGE C GATES
1. | nverter

Due to the intricacies of placing gates in different
sub-circuits, four inverters were utilized. They al
perform the sanme |ogic function, but are slightly different
inorder to fit within a fabrication |ayout sub-circuit.

a. Inverter for CLAH

Fi gure 67. I nverter for CLAH

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23 * Cell
caa_| NV_CLAH Version 1.39
* Extract Date and Tinme: 08/21/2001 - 19:54

. SUBCKT caa_I NV_CLAH Gnd I N OUT Vdd

ML QUT IN Ghd Gnd CMOSN L=180n W-450n
M2 Vdd IN QUT vdd CMOSP L=180n W:1. 26u

* Total Nodes: 4

* Total Elenents: 2
. ENDS
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b. Inverter for Goup GP

A
R

s
A

Fi gure 68.

Inverter for Goup GP 

Crcuit Extracted by Tanner Research's L-Edit Version 8.23

Cel | :

caa_INV_Gp
* Extract Date and Tine:

Version 1.32
08/ 06/ 2001 - 21:47

. SUBCKT caa_INV_Gp A Gid OQUT Vdd

ML Gnd A OQUT Gnd CMOSN L=180n W-450n
M2 Vdd A OQUT Vdd CMOSP L=180n We1l.26u

* Tot al

* Total El

. ENDS

Nodes: 4

enents: 2

C. Inverter for ALU GP

V¢

A

SIAOUT
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* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_ INV_H Version 1.31

. SUBCKT caa_I N\V_H A Gnd OUT Vdd

ML Ghd A OUT Gnd CMOSN L=180n W:450n
M2 Vdd A OUT Vdd CMOSP L=180n W1. 26u

* Total Nodes: 4

* Total Elenents: 2
. ENDS

d. Inverter for Overfl ow

Fi gure 70. Inverter for Overflow

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_INV_Ov Version 1.35

. SUBCKT caa_INV_Ov A Ghd OQUT Vvdd

ML Ghd A OUT Gnd CMOSN L=180n W:450n
M2 Vdd A OUT vVdd CMOSP L=180n W1. 26u

* Total Nodes: 4
* Total Elenents: 2
. ENDS

2. NAND

In a simlar manner as discussed for the inverters, a
nunber of versions of X-input NAND gates were wused in
different sub-circuits. They all perform the sanme 1ogic
function, but are slightly different in order to fit within
the fabrication [ ayout sub-circuit.
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a. 2- | nput
(1) 2- 1 nput NAND

T R
e

A A

Hﬁﬂﬁf\’\ Le) ﬁﬂhﬂﬂ 4

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23 * Cell:
caa_NAND2 Version 1.24

. SUBCKT caa_NAND2 A B Ghd OUT Vdd

ML QUT B 6 Ghd CMOSN L=180n W:450n
M 6 A CGnd Ghd CMOSN L=180n W:450n
MB Vdd B OUT vdd CMOSP L=180n W:900n
M4 QUT A Vdd vdd CMOSP L=180n W:900n

* Total Nodes: 6

* Total Elenents: 4
. ENDS
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(2) 2-1 nput NAND for ALU GP
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Figure 72. 2- 1 nput NAND For ALU GP.

Crcuit Extracted by Tanner Research's L-Edit Version 8.23
Cell: caa_NAND2_H Version 1.30
* Extract Date and Time: 07/25/2001 - 22:09

* X

. SUBCKT caa_NAND2_H A B Gnd OUT Vvdd

B QUT Ghnd CMOSN L=180n W-450n

d A6 Gid CMOSN L=180n W:450n

OUT B vdd vdd CMOSP L=180n W:900n
A QUT vdd CMOSP L=180n W:900n

* Total Nodes: 6
* Total Elenents: 4

101



3) 2-1 nput NAND for G oup GP

Figure 73. 2-1 nput NAND For G oup GP.

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23 * Cell:
caa_NAND2_G pG Version 1.37
* Extract Date and Tinme: 08/26/2001 - 15:23

. SUBCKT caa_NAND2_G pG A B Ghd QUT Vdd

ML QUT B 6 Ghd CMOSN L=180n W:450n
M 6 A Ghd Ghd CMOSN L=180n W:450n
M3 Vdd B OUT Vdd CMOSP L=180n W:900n
M4 QUT A Vdd vVdd CMOSP L=180n W900n

* Total Nodes: 6

* Total Elenents: 4
. ENDS
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b. 3- | nput
(1) 3-1 nput NAND
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* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_NAND3 Version 1.24
* Extract Date and Time: 08/21/2001 - 17:31

. SUBCKT caa_NAND3 A B C Ghd QUT Vvdd

QUT C 8 Ghd CMOSN L=180n W:450n
8 B 7 Ghd CMOSN L=180n W-450n

7 A Gd Ghd CMOSN L=180n W=450n
QUT C vdd vdd CMOSP L=180n W:900n
Vdd B OQUT vdd CMOSP L=180n W-900n
QUT A vdd vdd CMOSP L=180n W:900n

SoEOSE

* Total Nodes: 8
* Total Elenents: 6
. ENDS
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(2) 3-1 nput NAND For G oup GP

O

R
Ry

*rA?iiii"B c OUT

Fi gur”e”7'5'.mmm -Input NAND For Group GP.

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23 * Cell:
caa_NAND3_G pG Version 1.25
* Extract Date and Tinme: 08/21/2001 - 14:17

. SUBCKT caa_NAND3_G pG A B C Ghd QUT vdd

QUT C 8 Ghd CMOSN L=180n W:450n
8 B 7 Ghd CMOSN L=180n W-450n

7 A Ghd Ghd CMOSN L=180n We450n
OQUT C vdd vdd CMOSP L=180n W:900n
Vdd B QUT vdd CMOSP L=180n W-900n
QUT A vdd vdd CMOSP L=180n W:900n

SoEOSE

* Total Nodes: 8
* Total Elenents: 6
. ENDS
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C. 4- | nput

vad|

Fi gure 76. 4- 1 nput NAND
* Crcuit Extracted by Tanner Research's L-Edit Version 8.23

* Cell: caa_NAND4 Version 1.26
* Extract Date and Tinme: 07/23/2001 - 20:40

. SUBCKT caa_NAND4 A B C D Ghd QUT Vdd

9 C 10 Ghd CMOSN L=180n W:450n

QUT B 9 Ghd CMOSN L=180n W:450n

0 D 8 Ghd CMOSN L=180n W:450n

A Ghd Ghd CMOSN L=180n W450n

QUT C vdd vdd CMOSP L=180n W:720n
D QUT vdd CMOSP L=180n W-720n

B QUT vdd CMOSP L=180n W-720n

OUT A vdd vdd CMOSP L=180n W:720n

SRR L

* Total Nodes: 10
* Total Elenents: 8
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d. 5- 1 nput
(1) 5-1nput NAND

vdd

G

A B C D E OUT

“Figure 77. 5-Tnput NAND.

Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_NANDS Version 1.25
* Extract Date and Time: 08/21/2001 - 17:32

. SUBCKT caa_NAND5 A B C D E Gid OQUT vdd

ML QUT E 12 Gnd CMOSN L=180n W:450n
12 D 11 Ghd CMOSN L=180n W-450n

11 C 10 Ghd CMOSN L=180n W=450n

10 B 9 Ghd CMOSN L=180n W:450n

9 A Gnd Ghd CMOSN L=180n W:450n
QUT E vdd vdd CMOSP L=180n W:720n
Vdd D QUT vdd CMOSP L=180n W-720n
OQUT C vdd vdd CMOSP L=180n W:720n
vVdd B OUT Vdd CMOSP L=180n W:720n
0 QUT A Vdd vdd CMOSP L=180n W=720n

TEEEEEEE

* Total Nodes: 12
* Total Elenents: 10
. ENDS
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(2) 5-Input NAND For Group GP

R PR BRE B LA ZZAZZZZZ B ZZZZCZZ DZZZZZZZE')UTZZZZZZZ
Fi gure 78. 5-1 nput NAND For G oup GP.

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_NAND5_G pG Version 1.29
* Extract Date and Time: 08/21/2001 - 14:16

. SUBCKT caa_NAND5_GrpG A B C D E Gid OUT Vdd

12 A Ghd Ghd CMOSN L=180n W=450n
11 B 12 Ghd CMOSN L=180n W=450n
10 C 11 Gnd CMOSN L=180n W=450n

9 D 10 Ghd CMOSN L=180n W:450n
QUT E 9 Ghd CMOSN L=180n W:450n
OQUT A vdd vdd CMOSP L=180n W:720n
Vdd B QUT vdd CMOSP L=180n W:720n
QUT C vdd vdd CMOSP L=180n W:720n
Vdd D OQUT vdd CMOSP L=180n W-720n
0 OQUT E Vdd vdd CMOSP L=180n W-720n

YEEEEEEEE

* Total Nodes: 12
* Total Elenents: 10
. ENDS
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e. 6- | nput

EELEE PR EE Y E s ule gl
Figure 79. 6- | nput NAND

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_NAND6 Version 1.26
* Extract Date and Time: 08/21/2001 - 17:32

. SUBCKT caa_NAND6 A B CDE F Gid QUT Vdd

13 E 14 Ghd CMOSN L=180n W=450n
QUT F 13 Ghd CMOSN L=180n W:450n
11 C 12 Ghd CMOSN L=180n W=450n
14 D 11 Grd CMOSN L=180n W:450n
12 B 10 Ghd CMOSN L=180n W:450n
10 A Gnd Ghd CMOSN L=180n W:450n
QUT E Vvdd vdd CMOSP L=180n W:720n
vdd F OUT Vdd CMOSP L=180n W:720n
OUT C vdd vdd CMOSP L=180n W:720n
MLO Vdd D QUT vdd CMOSP L=180n W-720n
ML1 Vdd B QUT vdd CMOSP L=180n W-720n
ML2 QUT A Vdd Vdd CMOSP L=180n W-720n

SEEEEEEE L

* Total Nodes: 14
* Total Elenents: 12
. ENDS
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8- | nput

(1) 8-1nput NAND

R
S
B

e
A

AI .B“‘

El bRl Ll

Fi gure 80.

8- 1 nput NAND

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23

* Cell:

caa_NANDS

Version 1.28

. SUBCKT caa_NAND8 AB CDEF G Gid H OUT vdd

ML QUT H 18 Ghd CMOSN L=180n W:450n

18
17
16
13
15
14
12

S E R Y

MLO OUT
ML1 Vdd
ML2 OUT
ML3 OUT
ML4 Vdd
ML5 Vdd
ML6 OUT

* Tot al
* Tot al

. ENDS

G 17
F 16
E 15
C 14
D 13
B 12

Gnd
Gnd
Gnd
Gnd
Gnd
Gnd

CMOSN L=180n
CMOSN L=180n
CMOSN L=180n
CMOSN L=180n
CMOSN L=180n
CMOSN L=180n

WE450n
WE450n
W=450n
W=450n
WE450n
WE450n

A Ghd Gnd CMOSN L=180n W:450n

F oUT
E Vvdd
C vdd
D aur
B QUT
A Vvdd

Nodes:
El enents: 16

Vdd H OQUT vdd CMOSP L=180n W-450n
G vdd

Vdd CMOSP L=180n W-450n
Vdd CMOSP L=180n W:450n
Vdd CMOSP L=180n W-450n
vVdd CMOSP L=180n W-450n
Vdd CMOSP L=180n W-450n
Vdd CMOSP L=180n W-450n
Vdd CMOSP L=180n W:450n

18

109



(2) 8-Input NAND For Overfl ow

Vdd

SR S
RN . v i
Ay # 0y A

cndl

57 5 g B o s e e o s e e e U
Fi gure 81. 8- 1 nput NAND For Overfl ow.

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa NAND8 Cisl Version 1.26
* Extract Date and Time: 08/ 21/2001 - 14:15

. SUBCKT caa_NAND8_Cisl1 ABCDEF GGid HOUT vdd

ML 18 A Ghd Ghd CMOSN L=180n W:450n
M2 17 B 18 Ghd CMOSN L=180n W:450n
MB 15 D 16 Ghd CMOSN L=180n W:450n
M4 16 C 17 Ghd CMOSN L=180n W:450n
Mb 14 E 15 Ghd CMOSN L=180n W:450n
M6 13 F 14 Ghd CMOSN L=180n W:450n
M7 12 G 13 Ghd CMOSN L=180n W:450n

MB QUT H 12 Gnd CMOSN L=180n W:450n

MB QUT A Vdd vdd CMOSP L=180n W:450n
MLO Vdd B QUT Vdd CMOSP L=180n W-450n
ML1 Vdd D QUT vdd CMOSP L=180n W-450n
ML2 QUT C Vdd vdd CMOSP L=180n W-450n
ML3 OQUT E Vdd vdd CMOSP L=180n W-450n
ML4 Vdd F QUT Vdd CMOSP L=180n W-450n
ML5 QUT G Vdd Vdd CMOSP L=180n W-450n
ML6 Vdd H QUT Vdd CMOSP L=180n W-450n

* Total Nodes: 18

* Total Elenents: 16
. ENDS
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g.

9- | nput

Fi gure 82.

Crcuit Extracted by Tanner

* Cell:

caa_NANDO
* Extract Date and Ti ne:

Research's L-Edit Version 8.23
Version 1.25

08/ 21/ 2001 -

. SUBCKT caa_NAND9 AB CDEF GGid H

ML OUT |
20
19
18
17
16
15
14
13

S EEEEEEL
>WOUMTMOI

255555528
cgegezese

* Tot al
* Tot al
. ENDS

20 Ghd CMOSN L=180n W:450n

19
18
17
16
15
14
13

Gnd
Gnd
Gnd
Gnd
Gnd
Gnd
Gnd

CMOSN
CMOSN
CMOSN
CMOSN
CMOSN
CMOSN
CMOSN

L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n

WE450n
WE450n
WE450n
WE450n
WE450n
WE450n
WE450n

Ghd Gnd CMOSN L=180n W-450n

vdd

H ouT
G vdd
F our
E vdd
D aur
C vdd
B QUT
A vdd

Nodes:
El enent s:

vdd
vdd
vdd
vdd
vdd
vdd
vdd
vdd
vdd

20

CMOSP
CMOSP
CMOSP
CMOSP
CMOSP
CMOSP
CMOSP
CMOSP
CMOSP

18

L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n

W=450n
WE450n
WE450n
W=450n
W=450n
W=450n
WE450n
WE450n
W=450n
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h.

13- 1 nput

Foht
s

B
e
Ty

i
A

y
A
Al

ey
i
A _,\ _,\

A B

C

D E

F G

H I J X

Fi gure 83.

* Crcuit Extracted by Tanner
caa_NAND13

* Cell:

. SUBCKT caa_NAND13 ABCDEF GGid H

28 |

SRR

MLO 25
ML1 24
M2 23
ML3 22
M4 21
ML5 20

Versi o

13- 1 nput NAND

Research's L-Edit Version 8.23

n 1. 26

QUT M5 Ghd CMOSN L=180n W900n
5L 4 Ghd CMOSN L=180n W-900n

4 K 27 Ghd CMOSN L=180n W:900n
OQUT M vdd vdd CMOSP L=180n W:450n
vdd L OUT vVdd CMOSP L=180n W-450n
QUT K vdd vdd CMOSP L=180n W:450n
27 J 28 Ghd CMOSN L=180n W900n

26 Gnd CMOSN L=180n W:900n

CMOSN L

=180n
=180n
=180n
=180n
=180n
=180n

26 H 25 Ghd CMOSN L=180n W:900n
G 24 Gnd
F 23 Gnd CMOSN L
E 22 Gnd CMOSN L
D 21 Gnd CMOSN L
C 20 Gnd CMOSN L
B 19 Ghd CMOSN L

WE900nN
WE900nN
WE900nN
WE900nN
WE900nN
WE900nN

ML6 19 A Ghd Gnd CMOSN L=180n W900n

ML7 Vvdd

J OUT vdd
| vdd vdd
H OUT vdd
G vdd vdd
F OUT vdd
E vdd vdd
D OQUT vdd
C vdd vdd
B OUT vdd
A vdd vdd
Nodes: 28
El enent s:

CMOSP
CMOSP
CMOSP
CMOosP
CMOSP
CMOSP
CMOSP
CMOsP
CMOosP
CMOSsP

26

L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n

W=450n
W=450n
W=450n
WE450n
WE450n
W=450n
W=450n
WE450n
WE450n
WE450n
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15- | nput

* Crcuit Extracted by Tanner

* Cell:

Fi gure 84.

caa_NAND15

15- 1 nput NAND

Research's L-Edit Version 8.23
Version 1.28

. SUBCKT caa_NAND15 A B CDE F G Gnd

vdd

SRR EEEEEE

09
8 &
7 G
6 CGn
3

Gnd CMOSN L=180n W:900n
d CMOSN L=180n W:900n
d CMOSN L=180n Ws900n
d CMOSN L=180n W:900n
1 Ghd CMOSN L=180n W:900n
O Vvdd vdd CMOSP L=180n W-450n
N QUT vdd CMOSP L=180n W-450n

OUT M vdd vdd CMOSP L=180n W:450n
vVdd L QUT vdd CMOSP L=180n W-450n

MLO OUT K Vdd vdd CMOSP L=180n W-450n

ML1 31
ML2 32
ML3 30
ML4 29
ML5 28
ML6 27
ML7 26
ML8 25
ML9 24
M20 23
M1 vdd
M2 QUT
M3 vdd
M4 QUT
M5 vdd
M6 QUT
M7 Vdd
M8 QUT
M29 Vdd
M30 QUT
* Tot al
* Tot al
. ENDS

J 32
30
29
28
27
26
25
24
23

>WmO0OmMmMEOI—

J aur
| Vvdd
H OUT
G vdd
F our
E Vvdd
D aur
C vdd
B QUT
A vdd

Nod

Gnd
Gnd
Gnd
Gnd
Gnd
Gnd
Gnd
Gnd
Gnd

es:

vdd
vdd
vdd
vdd
vdd
vdd
vdd
vdd
vdd
vdd

32

CMOSN
CMOSN
CMOSN
CMOSN
CMOSN
CMOSN
CMOSN
CMOSN
CMOSN

El enents: 30

CMOSP
CMOosP
CMOSP
CMOSP
CMOSP
CMOSP
CMOosP
CMOosP
CMOSP
CMOSP

L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n
L=180n

WE900N
WE900N
W=900n
W£900n
W=900n
WE900N
WE900N
W=900n
W=900n

Gnd Gnd CMOSN L=180n W900n
L=180n W:450n
L=180n Wt450n
L=180n W:450n
L=180n We450n
L=180n W:450n
L=180n W:450n
L=180n W:450n
L=180n Wt450n
L=180n W:450n
L=180n W:450n
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a. 2- | nput
(1) 2-Input NOR

'ZOEUTZZZZZZZZZZZZZZZ

B __A_zzééézéééééé

Circuit Extracted by Tanner Research's L-Edit Version 8.23
Cell: caa_NOR2 Version 1.30
* Extract Date and Time: 07/25/2001 - 21:11

. SUBCKT caa_NOR2 A B Ghd OQUT Vdd

ML QUT B Ghd Gnd CMOSN L=180n W:450n
M2 Gnd A OUT Gnd CMOSN L=180n W:450n
MB 6 B vdd Vdd CMOSP L=180n W1. 53u
M4 QUT A 6 vdd CMOSP L=180n W-1.53u

* Total Nodes: 6

* Total Elenents: 4
. ENDS
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(2) 2-Input NOR For Goup GP

..... nee REEE RS OUT

| WG
B A

Fi gure 86. 2-1 nput NOR For G oup GP.

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_NOR2_GpP Version 1.37
* Extract Date and Time: 08/21/2001 - 14:17

. SUBCKT caa_NOR2_GrpP A B Ghd QUT Vvdd

ML Ghd B OUT Gnd CMOSN L=180n W:450n
M2 QUT A Ghd Gnd CMOSN L=180n W:450n
MB Vdd B 6 Vdd CMOSP L=180n We1.53u
M4 6 A QUT Vdd CMOSP L=180n W1, 53u

* Total Nodes: 6

* Total Elenents: 4
. ENDS
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* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_NOR4_GpP Version 1.37
* Extract Date and Tinme: 08/18/2001 - 12:44

. SUBCKT caa_NOR4_ GrpP A B CD Grd QUT Vvdd

Ghd C QUT Gnd CMOSN L=180n W:450n
QUT D Ghd Gnd CMOSN L=180n W:450n
QUT B Ghd Gnd CMOSN L=180n W:450n
Ghd A QUT Gnd CMOSN L=180n W:450n
9 C 10 vVdd CMOSP L=180n W:1. 53u

10 D QUT vdd CMOSP L=180n We1.53u
8 B 9 vdd CMOSP L=180n W:1. 53u

d A 8 Vdd CMOSP L=180n W:1. 53u

S50 R

vd
* Total Nodes: 10

* Total Elenents: 8
. ENDS
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B. LEVEL TWDO — SECONDARY SUB-Cl RCU TS
1. SumCrcuits
a. SO Crcuit

vadl

L ey
i : i

Gndj

Fi gure 88. SO Circuit.

Crcuit Extracted by Tanner Research's L-Edit Version 8.23
Cell: caa_SO Version 1.10
* Extract Date and Time: 07/23/2001 - 22:37

.SUBCKT caa_ SO a bc def g Gid SO vdd

X1 10 9 8 Gnd SO Vdd caa_NAND3
X2 e f g Ghd 10 Vdd caa_NAND3
X3 ¢ d Ghd 9 Vdd caa_NAND2
X4 a b Gnd 8 Vdd caa_NAND2

* Total Nodes: 13
* Total Elenents: 4
. ENDS
b. S1 Circuit

Fi gure 89. S1 Circuit.
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* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_S1

.SUBCKT caa_S1 abcdef gGdhij k|l mnopgqgS1l Vdd

X1 24 23 22 21 20 19 Ghd S1 Vdd caa_NAND6

X2 o p g Ghd 19 vdd caa_ NAND3
X3 | mn Ghd 20 Vdd caa_NAND3
X4 i j k Gnd 21 Vdd caa_NAND3
X5 ef g h Gid 22 Vdd caa_NANDA
X6 ¢ d Gnd 23 Vdd caa_NAND2

X7 a b Gnd 24 Vdd caa_NAND2

. ENDS

C. S2 Crcuit

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_S2

.SUBCKT caa_ S2 abcdefgGdhij k|l mnopqgrsS2tuv \Vvdd w
+ Xy z za zb zc zd

X1 40 39 38 37 36 35 34 Gnd 33 32 S2 Vdd caa_NAND9
X2 za zb zc zd Ghd 32 Vdd caa NAND4
X3 wx y z Gid 33 Vdd caa_NANDA

X4 st uv Gid 34 Vdd caa_NAND4
X5 nopgr Gid 35 Vdd caa_ NANDS
X6 kI mGnd 36 Vdd caa_ NAND3

X7 hi j Gd 37 Vdd caa_NAND3

X8 f g Gnid 38 Vdd caa_NAND2

X9 a b c Gid 40 vdd caa_NAND3

X10 d e Gnd 39 Vdd caa_NAND2
. ENDS

d. S3 Crcuit

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_S3

.SUBCKT caa_ S3abcdefgGdhij k|l mnopqgr sS3¢tuvVvddw
+ Xy z za zb zc zd ze zf zg zh zi zj zk zI zmzn zo zp zq zr zs zt zu
+ ZV zZwW zX zy zz zza zzb zzc

X1 69 68 67 66 65 64 63 Ghd 62 61 60 59 58 57 S3 Vdd caa_NAND13
X2 zy zz zza zzb zzc Gnd 69 Vdd caa_NAND5
X3 zt zu zv zw zx Gnd 68 Vdd caa_ NAND5
X4 zo zp zq zr zs Gnd 67 Vdd caa_NANDS
X5 zd ze zf zg zh zi Gnd 65 Vdd caa_NANDG
X6 zj zk zI zmzn Ghd 66 Vdd caa_NAND5
X7 z za zb zc Ghd 64 Vdd caa_NAND4

X8 w x y Gnd 63 Vdd caa_NAND3

X9 st uv Gid 62 Vdd caa_NAND4

X10 o p gr Gid 61 Vdd caa_NAND4

X11 h i j k Gnd 59 Vdd caa_NAND4

X12 d e f g Ghd 58 Vdd caa_ NAND4

X13 | mn Gnd 60 Vdd caa_ NAND3

X14 a b ¢ Gnd 57 Vdd caa_ NAND3

. ENDS
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Fi gure 90. S2 and S3 Circuits.
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2. 4-Bit ALU Group Generate and Propagate (Gp GP)
a. Logic Goup GP

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_ Gp @GP Version 1.97

. SUBCKT caa_Grp_GP A0 Al A2 A3 BO Bl B2 B3 Gnd Gnd2 Grp_G Grp_P Vdd Vdd1i

X1 26 25 24 23 22 21 20 Ghd 18 19 17 16 15 11 13 12 G p_G Vdd caa_NAND15
X2 A0 BO B3 A2 Al Gnd2 12 Vdd caa_NAND5_G pG
X3 A0 BO B3 A2 B1 Gnd2 17 Vdd caa_NAND5_G pG
X4 A0 BO A3 A2 Bl Gnd2 20 Vdd caa NANDS G pG
X5 A0 BO A3 A2 Al Gnd2 23 Vdd caa_NAND5_Gr pG
X6 B2 Bl B3 Al Gnd2 11 Vdd caa_NAND4

X7 A0 BO B3 Al B2 Gnd2 13 Vdd caa_NANDS5

X8 A2 Bl B3 Al Gnd2 16 Vdd caa_NAND4

X9 A0 BO B3 Bl B2 Gnd2 15 Vdd caa_NAND5

X10 A2 B1 A3 Al Gnd2 19 Vdd caa_NAND4

X11 A0 BO A3 Bl B2 Gnd2 18 Vdd caa_NAND5

X12 B2 Bl A3 Al Gnd2 22 Vdd caa_NAND4

X13 A3 B3 Gnd2 26 Vddl caa NAND2 G pG

X14 B3 B2 A2 Gnd2 25 Vddl caa NAND3_ G pG
X15 A3 B2 A2 Gnd2 24 Vdd caa_NAND3_Gr pG

X16 A0 BO A3 Al B2 Gnd2 21 Vdd caa_NAND5

X17 27 28 29 9 Ghd G p_P Vdd caa NOR4_G pP
X18 Bl Al Gnd 27 Vdd caa NOR2_G pP

X19 BO A0 Gnd 28 Vdd caa NOR2_G pP
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X20 B2 A2 Gnd 29 Vdd caa NOR2_G pP
X21 B3 A3 Gnd 9 Vdd caa NOR2_G pP

* Total Nodes: 33
* Total Elenents: 21

. ENDS
b. Combi national Gate G oup GP
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Fi gure 92. Conbi national Gate G oup GP.

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_Gp_GP_conbo Version 1.70

. SUBCKT caa_Grp_GP _conbo A0 A1 A2 A3 BO Bl B2 B3 Ghd Gp_ G Gp_P Vvdd

ML 11 B2 5 Ghd CMOSN L=180n W:450n
M2 11 A2 5 Ghd CMOSN L=180n W:450n

MB 1 A2 5 Ghd CMOSN L=180n W:450n
M4 7 A1 1 Ghd CMOSN L=180n We450n
Mb 5 A3 Ghd Gnd CMOSN L=180n W:450n
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1 B2 5 Gnd CMOSN L=180n We450n
4 B2 16 Gnd CMOSN L=180n \W:450n

7 BL 1 Gnd CMOSN L=180n WE450n

7 Bl 4 Gnd CMOSN L=180n \W450n

MLO Grp_G U333/ A Gnd Gnd CMOSN L=180n W=450n
ML1 16 B3 Gnd Gnd CMOSN L=180n \W:450n

ML2 3 B2 16 Gnd CMOSN L=180n \W:450n

ML3 26 Bl 3 Gnd CMOSN L=180n \W:450n

M4 3 A2 16 Gnd CMOSN L=180n We450n

ML5 4 A2 16 Gnd CMOSN L=180n \W:450n

M6 7 AL 4 Gnd CMOSN L=180n W:450n

ML7 U333/A A2 6 Gnd CMOSN L=180n We450n

ML8 10 Bl 11 Gnd CMOSN L=180n \W:450n

ML9 U333/A Al 10 Gnd CMOSN L=180n We450n
M0 9 BO 7 Gnd CMOSN L=180n W=450n

M21 U333/A A0 9 Gnd CMOSN L=180n We450n

M2 6 B2 5 Ghd CMOSN L=180n W=450n

M23 27 B2 16 Gnd CMOSN L=180n \W:450n

M24 U333/ A A2 27 Gnd CMOSN L=180n We450n
M25 U333/ A A3 16 Gnd CMOSN L=180n We450n
M26 U333/ A Al 26 Gnd CMOSN L=180n We450n
M7 Grp_G U333/ A Vdd Vdd CMOSP L=180n Wel. 26u
M28 17 A3 U333/ A Vdd CMOSP L=180n WEL. 26u
M29 20 B2 17 Vdd CMOSP L=180n W1.26u

M30 20 Bl 18 Vdd CMOSP L=180n Wl. 26u

M31 18 Al 20 Vdd CMOSP L=180n \W1. 26u

MB2 20 A2 17 Vdd CMOSP L=180n \W1. 26u

MB3 24 A2 20 Vdd CMOSP L=180n W1. 26u

MB4 18 B2 24 Vdd CMOSP L=180n W1.26u

MB5 18 B3 U333/ A Vdd CMOSP L=180n WEL. 26u
M36 18 B2 21 Vdd CMOSP L=180n WL. 26u

MB7 21 A3 18 Vdd CMOSP L=180n WE1. 26u

MB8 21 A3 37 Vdd CMOSP L=180n 1. 26u

MB9 23 A2 21 Vdd CMOSP L=180n WEL. 26u

MIO 21 A2 18 Vdd CMOSP L=180n Wl. 26u

Mi1 37 B2 23 Vdd CMOSP L=180n WL. 26u

Mi2 37 Bl 21 Vdd CMOSP L=180n WE1. 26u

M43 38 Bl 22 Vdd CMOSP L=180n 1. 26u

Mi4 47 Al 38 Vdd CMOSP L=180n Wel. 26u

Mi5 22 Al 37 Vdd CMOSP L=180n WL. 26u

Mi6 37 Al 21 Vdd CMOSP L=180n WL. 26u

Mi7 46 A3 37 Vdd CMOSP L=180n 1. 26u

Mi8 28 BO U334/ A Vdd_1 CMOSP L=180n W:l. 26u
MO Vdd_1 A0 28 Vdd_1 CMOSP L=180n WEL. 26u
M5O 44 B3 U334/ A Gnd CMOSN L=180n We450n
Mb1 U334/ A A3 44 Gnd CMOSN L=180n We450n
M52 32 B3 U334/ A Vdd_1 CMOSP L=180n W:l. 26u
M63 Vdd_1 A3 32 Vdd_1 CMOSP L=180n WEL. 26u
M54 31 B2 U334/ A Vdd_1 CMOSP L=180n W:l. 26u
M55 Vdd_1 A2 31 Vdd_1 CMOSP L=180n Wel. 26u
M66 Vdd_1 Al 30 Vdd_1 CMOSP L=180n WEL. 26u
M67 30 Bl U334/ A Vdd_1 CMOSP L=180n W:l. 26u
M68 Grp_P U334/ A Gnd Gnd CMOSN L=180n W=450n
MB9 42 A0 Gnd Gnd CMOSN L=180n \W:450n

MBO Gnd BO 42 Gnd CMOSN L=180n \W:450n

V6
w7
VB
1%¢)
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M6 1
M52
M53
M54
M55
M5 6
M6 7
M58
M5 9
M70
M7 1
M7 2
M73
M7 4
M75
M7 6
Mr7

43 Al 42 Gnd CMOSN L=180n W:450n
42 Bl 43 Gnd CMOSN L=180n W:450n
44 A2 43 Gnd CMOSN L=180n W:450n
43 B2 44 Gnd CMOSN L=180n W:450n

G p_P U334/ A Vdd Vdd CMOSP L=180n W:l. 26u

39 Bl 48 vdd CMOSP L=180n W1. 26u
46 Bl 47 Vdd CMOSP L=180n W1l. 26u
48 Al 46 vdd CMOSP L=180n W:1. 26u
Vdd A0 37 vdd CMOSP L=180n W:1. 26u
37 BO Vvdd vdd CMOSP L=180n W1l. 26u
Vdd B3 46 Vdd CMOSP L=180n W:1. 26u
38 A2 37 Vdd CMOSP L=180n W1, 26u
46 B2 38 vdd CMOSP L=180n W:1. 26u
39 A2 46 Vdd CMOSP L=180n W1. 26u
vVdd B2 39 vdd CMOSP L=180n W:1. 26u
45 Al 39 Vdd CMOSP L=180n W1. 26u
Vdd Bl 45 vdd CMOSP L=180n W:1. 26u

* Total Nodes: 48
* Total Elenents: 77

. ENDS
3. ALU Generate and Propagate (GP)
a. 1-Bit ALU Generate and Propagate (1-Bit GP)
vddl Vdgl2
U

9
o

Gnd?

Fi gure 93.

* Crcuit Extracted by Tanner

* Cell: caa PG CGen Version 1.16

0,
1-Bit ALU Generate and Propagate (1-Bit GP).

Research's L-Edit Version 8.23

. SUBCKT caa_PG Gen A B G Ghdl Gnd2 nG nP P Vvddl Vvdd2

X1 B A Ghdl P Vddl caa NOR2
X2 B A Ghdl G Vdd2 caa_NAND2_H
X3 P Ghd2 nP Vdd2 caa INV_H
X4 G Gnd2 nG Vdd2 caa INV_H

* Total Nodes: 10
* Total Elenents: 4
. ENDS
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b. 4-Bit ALU Generate and Propagate (4-Bit GP)
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Fi gure 94. 4-Bit ALU CGenerate and Propagate (4-Bit GP).

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_PG Genx4

. SUBCKT caa_PG Genx4 A0 A1 A2 A3 B0 B1 B2 B3 C0 QO GL & G Gid nC0 nQD
+ nGlL n& nG nPO nP1 nP2 nP3 PO P1 P2 P3 Vdd

X1 A3 B3 G3 Gid Ghd nG3 nP3 P3 Vdd Vdd caa PG Gen
X2 C0 Ghd nCO0 Vdd caa INV_H

X3 A0 BO Q0 Gnd Gnd n®@ nP0 PO Vdd Vdd caa_ PG Gen
X4 Al Bl GL Ghd Gnd nGL nP1l P1 Vdd Vdd caa_PG Gen
X5 A2 B2 & Gid Ghd n& nP2 P2 Vdd Vdd caa PG Gen
* Total Nodes: 28

* Total Elenents: 5

. ENDS
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4. 4-Bit Overfl ow
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Fi gure 95. 4-Bit Overflow.

Circuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_ overflow

. SUBCKT caa_overflow CO G3 Ghd n@ nGlL n& nP3 Ov PO P1 P2 Vdd

X1 34 17 28 27 26 25 24 Gnd 23 32 Vdd caa _NAND8 _Cisl
X2 G0 Ghd nC0 Vdd caa_ | NV_Ov

X3 31 Gnd 20 Vdd caa_l NV_Ov

X4 32 Gnd 30 Vdd caa | NV_Ov

X5 28 27 26 25 24 23 18 Gnd 33 31 Vdd caa_NANDS
X6 nP1 nP2 P3 nPO Gnd 34 Vdd caa_NAND4
X7 GL & n& PO Ghd 17 Vdd caa_NANDA
X8 nPO GlL n& P3 Gnd 26 Vdd caa_NAND4
X9 P2 nP0 nG3 nP1 Gnd 27 Vdd caa_NAND4
X10 nP2 nGl P3 &0 Gnd 28 Vdd caa_ NAND4
X11 nPl nP2 P3 n®& Gnd 33 Vdd caa_ NAND4
X12 GIL & nG3 &0 Gnd 18 Vdd caa_NAND4
X13 O Gl n& P3 Gnd 25 Vdd caa_NAND4
X14 P2 &0 nG3 nPl1 Gnd 24 Vdd caa_NAND4
X15 P1 nPO nG & Gnd 23 Vdd caa_ NAND4
X16 nP3 Gnd P3 Vdd caa_l NV_H

X17 G3 Gnd nG3 Vvdd caa INV_H

X18 P2 Gnd nP2 Vdd caa_I NV_H

X19 n& Gnd & Vdd caa_ | NV_H

X20 P1 Gnd nPl1 Vdd caa_l NV_H

X21 nGlL Gnd Gl Vdd caa_ I NV_H
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X22 PO Gnd nPO Vdd caa_ | NV_H
X23 n@ Gnd G0 Vdd caa I NV_H
39 30 Ov Ghd CMOSN L=180n W:450n
Gnd CO 39 Gnd CMOSN L=180n W:450n
Ov 20 38 Gnd CMOSN L=180n W450n
38 nC0 Gnd Gnd CMOSN L=180n W=450n
30 37 Vdd CMOSP L=180n Wtl. 26u
37 nCO0 Vdd Vdd CMOSP L=180n W:1. 26u
Ov 20 36 Vdd CMOSP L=180n W1. 26u
36 C0 Vdd Vdd CMOSP L=180n W:l. 26u

S50 R
Q

* Total Nodes: 39
* Total Elenents: 31

5. Carry Look- Ahead (CLAH)

=

CL

Fi gure 96. Carry Look- Ahead (CLAH).

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa CLAH

. SUBCKT caa_CLAH CO C4 C8 Cl12 C16 C0_1 C0 2 C0 3 G0 GL @2 G3 G0_1 @0_2
+ Gl.1 GL3 &_1 Gid Gidl Ghd2 Ghd3 Gnd4 Gnd5 Gndé Gnd7 PO P1 P2 P3 PO_1
+ P02 PO 3PL1PL2PL3PL4P21P22P23P31Vdd Vddl Vdd2 Vdd3

+ vdd4 Vvdds

X1 Gndl G1_3 46 Vdd caa_l NV_CLAH

X2 Ghd & 43 Vdd caa_| NV_CLAH

X3 Gnd6 0_2 41 Vdd3 caa_| NV_CLAH

X4 Gnd7 G3 39 Vdd3 caa_| NV_CLAH

X5 39 38 37 36 35 Gnd7 Cl6 Vdd3 caa_NAND5

X6 P3 P1_3 P2_2 PO_2 C0_2 Gnd7 35 Vdd3 caa_NAND5
X7 45 42 44 43 Gnd Cl2 Vdd caa_NAND4

X8 P1 4 P2_3 P3_1 (0_2 G1d7 36 Vdd3 caa_NAND4
X9 GL_1 P2_3 P3_1 Gnd4 38 Vdd3 caa_NAND3

X10 &_1 P3_1 Gud4 37 Vdd4 caa_NAND2

X11 PO P1 P2 CO Gnd 45 Vdd caa_NAND4

X12 P2_1 P1_1 &0 Gnd2 44 Vvdd caa_NAND3

X13 GL P2_1 Gnd 42 Vdd caa_NAND2

X14 48 47 46 Gnd2 C8 Vddl caa_NAND3

X15 CO_1 PO 1 P1 2 Gnd3 48 Vddl caa_NAND3
X16 G0_1 P1 2 Gnd3 47 Vdd2 caa_NAND2

X17 40 41 Gnd5 C4 Vdd4 caa_NAND2

X18 PO_3 C0_3 Gnd5 40 Vdd5 caa_NAND2

. ENDS
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C. LEVEL THREE — 4-BI T ALU

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_Adderx4

. SUBCKT caa_Adderx4 A0 Al A2 A3 BO B1 B2 B3 C0 Gid Gp GGp P Ov SO S1
+ S2 S3 Vvdd

X1 A0 A1 A2 A3 BO B1 B2 B3 Gid Ghd Gp_ G Gp P Vdd Vdd caa Gp CP

X2 C0 G3 Gd n@ nGL n& nP3 Ov PO P1 P2 Vdd caa_overfl ow

X3 A0 A1 A2 A3 BO BL B2 B3 C0 Q0 GL @ &G3 Ghd nC0 n@ nGlL

+ n& nG nPO nP1 nP2 nP3 PO P1 P2 P3 Vdd caa PG Genx4

X4 n@ CO CO PO nPO nCO G0 Ghd SO Vvdd caa_SO

X5 n@ P1 n nGlL nP1 G Gl Gnd nCO nP1 PO G1 CO nGl nPO nPO

+ C0 P1 S1 Vdd caa_S1

X6 nG n@ nP1 P2 nGL n& nGl Ghd nP1 n& P2 nP2 & P1 nP2 & GL nC0 Q0
+ n& S2 nP1 CO nPO Vdd nP2 &R PO GL nP1 P2 CO nP0O caa_S2

X7 nPO n& P3 nP3 G3 & P1 Ghd nP2 nP1 n(0 nG3 NGB n& Gl Gln& P3 & G3
+ S3 nP3 P2 nP1 vdd P3 nGl nP2 nP2 @ nGlL nG3 nC0 nP3 & G X GL P3 nQ
+ nP1 G3 nP2 CO nP1 nPO nP2 nG3 G1L G3 PO & nP3 P3 CO nPO nP2 nPl1 caa_S3
* Total Nodes: 35

* Total Elenents: 7

. ENDS
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D. LEVEL FOUR — 16-BI T ADDER

* Crcuit Extracted by Tanner Research's L-Edit Version 8.23
* Cell: caa_Adderx16
* Extract Date and Time: 08/21/2001 - 13:53

. SUBCKT caa_Adderx16 A0 Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All
+ Al2 A13 Al4 Al5 BO Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 Bll B12
+ B13 Bl14 B15 CO C4 C8 Cl2 Cl6 Ghd Ov SO S1 S2 S3 S4 S5 S6
+ S7 S8 S9 S10 S11 S12 S13 S14 S15 vdd

X1 A CBCl2Cl6 C0C0 0 Gl &2 B G GL & ed
+ Gd Ghd Ghd Ghd Ghd Ghd Ghd PO P1 P2 P3 PO PO PO P1 P1 P1
+ P1 P2 P2 P2 P3 Vdd Vdd VvVdd vdd vdd vdd caa_CLAH

X2 A8 A9 Al10 All B8 B9 B10 Bl1l C8 Ghd & P2 1 S8 S9 S10 S11
+ Vdd caa_Adder x4

X3 AMA A5 A6 A7 B4 B5 B6 B7 C4 Gid GL P1 2 S4 S5 S6 S7 Vvdd
+ caa_Adder x4

X4 A12 A13 Al4 Al5 B12 B13 Bl14 B15 Cl2 Gnd &3 P3 Ov S12 S13
+ S14 S15 Vdd caa_Adder x4

X5 A0 A1 A2 A3 BO B1 B2 B3 CO Ghd &0 PO 3 SO S1 S2 S3 vdd
+ caa_Adder x4

* Total Nodes: 67

* Total Elenents: 5
. ENDS
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APPENDI X C.  SI MJLATI ON OF 16-BI T ADDER

A OVERVI EW

Appendi x C contains all the necessary SPICE and NMATLAB
files to conduct and evaluate one of the sinulations used
to verify logic functionality and speed.

B. HEADER FI LE

. I NCLUDE TSMC018epi . nd
. PARAM | anbda=0. 09E- 06
Vpower Vdd Gnd DC 1.8

. SUBCKT Buflnv In GQut G\D Vvdd

ML Qut In Ghd Ghd CMOSN WeS5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda

+ AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda

+ PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 Qut In Vdd vdd CMOSP We14*| anbda L=2*| anbda AS=14*| anbda*5. 5*| anbda
+ AD=14*| anbda*5. 5*| anbda PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
+ PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT | nput Buf In Qut GN\D Vvdd
XInvl In N1 Gd Vdd Bufl nv
XInv2 N1 N2 Ghd vdd Bufl nv
XInv3d N2 N3 Gnd vdd Bufl nv

Xl nvd N3 Qut Gnhd vdd Bufl nv

. ENDS

XBuf AO AOBuf A0 Gnd Vvdd | nput Buf
XBuf A1 A1Buf Al Gnd Vdd | nput Buf
XBuf A2 A2Buf A2 Gnd Vdd I nput Buf
XBuf A3 A3Buf A3 Gnd Vdd | nput Buf
XBuf A4 AABuf A4 Gnd Vdd | nput Buf
XBuf A5 A5Buf A5 Gnd Vdd | nput Buf
XBuf A6 A6Buf A6 Gnhd Vdd | nput Buf
XBuf A7 A7Buf A7 Gnd Vdd | nput Buf
XBuf A8 A8Buf A8 Gnd Vdd | nput Buf
XBuf A9 A9Buf A9 Gnd Vdd I nput Buf
XBuf A10 A10Buf A10 Gnd Vvdd | nput Buf
XBuf A11 Al1Buf A1l Gnd Vdd | nput Buf
XBuf A12 A12Buf Al12 Gnd Vdd | nput Buf
XBuf A13 A13Buf A13 Gnd Vdd | nput Buf
XBuf A14 A14Buf Al4 Gnd Vdd | nput Buf
XBuf A15 A15Buf Al15 Gnd Vdd | nput Buf
XBuf BO BOBuf BO Gnd Vdd | nput Buf
XBuf B1 B1Buf Bl Gnd Vdd | nput Buf
XBuf B2 B2Buf B2 Gnd Vdd | nput Buf
XBuf B3 B3Buf B3 Gnd Vdd | nput Buf
XBuf B4 B4Buf B4 Gnd Vdd | nput Buf
XBuf B5 B5Buf B5 Gnd Vdd | nput Buf
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XBuf B6
XBuf B7
XBuf B8
XBuf B9
XBuf B10
XBuf B11
XBuf B12
XBuf B13
XBuf B14
XBuf B15

XBuf CO COBuf CO Gnd

nAl0
nAll
nAl2
nAl3
nAl4
nAl5

nB10
nBl1
nB12
nB13
nBl4

S S S S S S S S S S S S S S S S S S 4 S S 4 S G Y

pw=1. 6n

B6Buf B6 Gnd Vdd | nput Buf
B7Buf B7 Gnd Vdd | nput Buf
B8Buf B8 Gnd Vdd | nput Buf
BOBuf B9 Gnd Vdd I nput Buf

B10Buf
B11Buf
B12Buf
B13Buf
B14Buf
B15Buf

nA0 AOBuf Gnd
nAl AlBuf Gnd
nA2 A2Buf Gnd
nA3 A3Buf Gnd
nA4 A4Buf Gnd
nA5 A5Buf Gnd
nA6 A6Buf Gnd
nA7 A7Buf Gnd
nA8 A8Buf Gnd
nA9 A9Buf Gnd
A10Buf Gnd
Al11Buf Gnd
A12Buf Gnd
A13Buf Gnd
Al4Buf Gnd
A15Buf Gnd
nBO BOBuf Gnd
nBl B1Buf Gnd
nB2 B2Buf Gnd
nB3 B3Buf Gnd
nB4 B4Buf Gnd
nB5 B5Buf Gnd
nB6 B6Buf Gnd
nB7 B7Buf Gnd
nB8 B8Buf Gnd
nB9 B9Buf Gnd
B10Buf Gnd
B11Buf Gnd
B12Buf Gnd
B13Buf Gnd
B14Buf Gnd
B15Buf Gnd

s)

B10
B11
B12
B13
B14
B15

bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t

bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t

(
(
(
(
(
(
(
(
(
(
bi t
bi t
bi t
bi t
bi t
bi t
(

(

(

(

(

(

(

(

(

Gnd
Gnd
Gnd
Gnd
Gnd
Gnd

vd

bi t
bi t
bi t
bi t
bi t

Vdd | nput
Vdd | nput
Vdd | nput
Vdd | nput
Vdd | nput
vdd | nput

d | nput Buf

11} on=1.8

({11} on=1.
({11} on=1.
({11} on=1.
({11} on=1.
({10} on=1.

({1100} on

Buf
Buf
Buf
Buf
Buf
Buf

of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0

0 00 00 00 00

of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0
of f=0.0

of f =0.
of f =0.
of f =0.
of f =0.
of f =0.
of f =0.

8 of f =0.
8 of f =0.
8 of f =0.
8 of f =0.
8 of f =0.
=1.8 off=

rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps

[cNeoNoNoNoeNo)

rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps

[cNeoNoNoNe]

rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps
rt=100ps

ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps

ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps

rt=100ps ft=100ps
rt=100ps ft=100ps
rt=100ps ft=100ps
rt=100ps ft=100ps
rt=100ps ft=100ps

ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps
ft=100ps

pw=1.
pw=3.

6ns)
2ns)

pw=6. 4ns)
pw=12. 8ns)

pw=1.
pw=1.
pw=1.
pw=1.
pw=1.
pw=1.
pw=1. 6ns)
pw=1. 6ns)
pw=1. 6ns)
pw=1. 6ns)
pw=1. 6ns)
pw=1. 6ns)

6ns)
6ns)
6ns)
6ns)
6ns)
6ns)

pw=25. 6ns)
pw=51. 2ns)
pw=102. 4ns)
pw=204. 8ns)

pw=1.
pw=1.
pw=1.
pw=1.
pw=1.
pw=1.
pw=1. 6ns)
pw=1. 6ns)
pw=1. 6ns)
pw=1. 6ns)
pw=1. 6ns)

0.0 rt=100ps ft=100ps

6ns)
6ns)
6ns)
6ns)
6ns)
6ns)

Vi nC0 COBuf Gnd bit ({01} on=1.8 of f=0.0 rt=100ps ft=100ps pw=409. 6ns)
. TRAN 20PS 819. 2NS
. OPTI ONS PRTDEL=1. 6n
. PRINT TRAN "caa_Adder_625.dat" V(S15) V(S14) V(S13) V(S12) V(S11)

+ 4+ 4+ + +
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V(S10) V(S9) V(S8) V(S7) V(S6) V(S5) V(S4) V(S3) V(S2) V(S1) V(SO0)
V(C16) V(Ov) V(CLK) V(A15) V(ALl4) V(A13) V(AL2) V(All) V(AL0) V(A9)
V(A8) V(A7) V(AB) V(A5) V(A4) V(A3) V(A2) V(Al) V(AO)
V(B15) V(B14) V(B13) V(B12) V(B11) V(B10) V(B9) V(B8) V(B7) V(B6)
V(B5) V(B4) V(B3) V(B2) V(B1) V(B0) V(0)



C. SPI CE NET- LI ST

* SPICE netlist witten by S-Edit Wn32 7.00
* Witten on Aug 23, 2001 at 19:37:19

. I NCLUDE caa_Adder x16 625. h

. param | anbda=0. 09E- 6

.SUBCKT caa_INV In Qut Ghd Vvdd

ML Qut In Ghd Ghd CMOSN WeS*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 Qut In Vdd vdd CMOSP We14*| anbda L=2*| anbda AS=14*| anbda*5. 5*| anbda
AD=14*| anbda*5. 5*| anbda PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_NAND2 A B NAND2 Gnd Vdd

ML NAND2 A N1 Ghd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 B Ghd Ghd CMOSN WeS5* | anbda L=2*1 anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anmbda

M3 NAND2 B vdd vdd CMOSP Wt10*| anbda L=2*| anbda AS=10*| anbda*5. 5*| anbda
AD=10*| anbda*5. 5*| anbda PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anrbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NAND2 A Vdd vdd CMOSP We10*| anbda L=2*| anbda AS=10*| anbda*5. 5*| anbda
AD=10*| anbda*5. 5*| anbda PS=10*| anbda+10*| anmbda+5. 5*| anmbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_NAND3 A B C NAND3 Gnd Vvdd

ML NAND3 A N1 Ghd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 B N5 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda

AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anmbda

M3 N5 C Ghd Ghd CMOSN WeS5* | anbda L=2*1 anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NAND3 C vVdd vdd CMOSP We10*| anmbda L=2*| anbda AS=10*| anbda*5. 5*| anbda
AD=10*| anbda*5. 5*| anbda PS=10*| anbda+10*| ambda+5. 5*| anmbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M6 NAND3 B vdd vdd CMOSP Wt10*| anbda L=2*| anbda AS=10*| anbda*5. 5*| anbda
AD=10*| anbda*5. 5*| anbda PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anrbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M6 NAND3 A Vdd vdd CMOSP We10*| anbda L=2*| anbda AS=10*| anbda*5. 5*| anbda
AD=10*| anbda*5. 5*| anbda PS=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_NAND4 A B C D NAND4 Gnd Vvdd

ML NAND4 A N1 Gnd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anmbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
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M2 N1 B N5 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

M3 N5 C N8 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 N8 D Ghd Gnd CMOSN We5* | anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anmbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

Mc NAND4 A Vdd vdd CMOSP We8* | ambda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

M6 NAND4 B Vdd vdd CMOSP We8* | anbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*1 anbda+8* | anbda+5. 5*| anbda+5. 5*| anbda

M7 NAND4 C vdd vdd CMOSP We8* | ambda L=2*1 anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

M8 NAND4 D Vdd vdd CMOSP We8* | anbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8* | anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_NAND5 A B C D E NAND5 Gnd Vvdd

ML NAND5 A N1 Ghd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 B N5 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

M3 N5 C N8 Gnd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 N8 D N11 Gnd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anmbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

Mb N11 E Ghd Gnd CMOSN WS* | ambda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M6 NAND5 A Vdd vdd CMOSP We8* | anmbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

M7 NAND5 B Vdd vdd CMOSP We8* | anbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8* | anbda+5. 5*| anbda+5. 5*| anbda

M8 NAND5 C Vdd vdd CMOSP We8* | ambda L=2*1 anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

M0 NAND5 D Vdd vdd CMOSP We8* | anbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anmbda+5. 5*| anmbda+5. 5*| anrbda

MLO NAND5 E VvVdd Vdd CMOSP W8*| ambda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8* | anbda+5. 5*| anbda+5. 5*| anbda

. ENDS
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. SUBCKT caa_CLAH C0 C4 C8 Cl12 Cl16 G0 GL & &3 PO P1 P2 P3 Ghd Vdd
Xcaa_INV_1 QO N28 Gnd Vdd caa | NV
Xcaa INV_2 GL N27 Gnd Vdd caa | NV
Xcaa INV_3 & N26 Gnd Vdd caa | NV
Xcaa_INV_4 G3 N25 Gnd Vdd caa_l NV

Xcaa_NAND2_1 CO PO N24 Gnd Vdd caa_NAND2
Xcaa_NAND2 2 &0 P1 N23 Gnd Vdd caa_NAND2
Xcaa NAND2_ 3 GL P2 N22 Ghd Vdd caa_NAND2
Xcaa NAND2 4 &2 P3 N21 Gnhd Vdd caa_NAND2
Xcaa_NAND2 5 N28 N24 C4 Gnd Vdd caa_NAND2
Xcaa_NAND3_1 CO P1 PO N18 Gnd Vdd caa_NAND3
Xcaa_NAND3 2 0 P2 P1 N17 Gnd Vdd caa_ NAND3
Xcaa_NAND3_3 GL P3 P2 N16 Gnd Vdd caa_NAND3
Xcaa_NAND3_4 N27 N23 N18 C8 Gnd Vdd caa_NAND3
Xcaa_NAND4_1 C0 P2 P1 PO N12 Gnd Vdd caa_NAND4

Xcaa_NANDA_2 O P3 P2 P1 N11 Ghd Vdd caa_NANDA4
Xcaa_NAND4_3 N26 N22 N17 N12 Cl2 Ghd Vdd caa_ NAND4
Xcaa_NAND5_1 CO P3 P2 P1 PO N6 Gnd Vdd caa_NAND5
Xcaa_NAND5_2 N25 N21 N16 N11 N6 Cl6 Gnd Vdd caa_NAND5
. ENDS

. SUBCKT caa_ NAND13 ABCDEF GHI1 J KL MNAND13 Ghd Vdd

ML N13 J N15 Gnd CMOSN WE10*| anbda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N15 K N18 Gnd CMOSN We10*| anbda L=2*| anbda AS=5. 5*| anbda*10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N18 L N1 Ghd CMOSN We10*| anmbda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| ambda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anmbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NAND13 A N4 Gnd CMOSN WE10*| ambda L=2*| ambda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anrbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M N4 B N6 Ghd CMOSN W£10* | anbda L=2*1 anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M6 N6 C N8 Ghd CMOSN We10* | anbda L=2*1 anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M/ N8 D N14 Gnd CMOSN W£10*| anbda L=2*| anbda AS=5. 5*| anbda*10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anrbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

MB N14 E N9 Ghd CMOSN We10*| anmbda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

M N9 F N17 Ghd CMOSN We10*| ambda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

MLO N17 G N23 Gnd CMOSN We10* | anbda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| ambda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

ML1 N23 H N12 Ghd CMOSN We10* | anbda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda
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ML2 N12 | N13 Ghd CMOSN We10* | anbda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| anbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

ML3 N1 M Ghd Gnd CMOSN WE10*| anbda L=2*| anbda AS=5. 5*| anbda* 10*| anbda
AD=5. 5*| anbda* 10*| anbda PS=10*| anbda+5. 5*| anbda+10*| anbda+5. 5*| anbda
PD=10*| arbda+10*| anbda+5. 5*| anbda+5. 5*| anbda

ML4 NAND13 | Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

ML5 NAND13 H Vdd Vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML6 NAND13 G Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML7 NAND13 F Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML8 NAND13 E Vdd vdd CMOSP We5+%| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML9 NAND13 D Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2O NAND13 C Vdd vdd CMOSP We5%1 anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M21 NAND13 B Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

M22 NAND13 A Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M23 NAND13 J Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M24 NAND13 K Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M25 NAND13 L Vdd vdd CMOSP We5+%1 anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M26 NAND13 M Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_NAND6 A B C D E F NAND6 Gnhd Vvdd

ML NAND6 A N6 Gnd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

M2 N6 B N5 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
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M3 N5 C Nd Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

Mt N4 D N2 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

Mo N2 E N1 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anmbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

M6 N1 F Ghd Ghd CMOSN WES5*| anbda L=2*] anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M7 NAND6 E Vdd vdd CMOSP We8* | anbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*1 anbda+8* | anbda+5. 5*| anbda+5. 5*| anbda

M8 NAND6 D Vdd vdd CMOSP We8* | ambda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

M0 NAND6 C Vdd vdd CMOSP We8* | anmbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8* | anbda+5. 5*| anbda+5. 5*| anbda

MLO NAND6 B Vvdd Vdd CMOSP W8*| ambda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda

ML1 NAND6 A Vvdd Vdd CMOSP W8*| anmbda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8* | anbda+5. 5*| anbda+5. 5*| anbda

ML2 NAND6 F Vvdd Vdd CMOSP W8*| ambda L=2*| anbda AS=8*| anbda*5. 5*| anbda
AD=8*| anbda*5. 5*| anbda PS=8*| anbda+8*| anbda+5. 5*| anbda+5. 5*| anbda
PD=8*| anbda+8*| anmbda+5. 5*| anmbda+5. 5*| anrbda

. ENDS

. SUBCKT caa_ NANDO AB CDE F GH I NAND9 Ghd Vvdd

ML NAND9 A N1 Gnd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 B N5 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N5 C N8 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 N8 D N11 Gnd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda

AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| anbda+5.

Mo N11 E N14 Gnd CMOSN
AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| anbda+5.

M6 N14 F N10 Gnd CMOSN
AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| ambda+5.

M7 N10 G N12 Gnd CMOSN
AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| anbda+5.

PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5*] anbda+5. 5*| anbda

We5* | anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5*| anbda+5. 5*| anbda

We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5% anbda+5. 5*| anbda

We5* | anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5%] anbda+5. 5*| anbda
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MB N12 H N15 Gnd CMOSN WS5*| ambda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

Md N15 | Ghd Gnd CMOSN WS5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

MLO NAND9 G Vvdd Vdd CMOSP W5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

ML1 NANDS H Vvdd vdd CMOSP We5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML2 NAND9 | Vvdd Vdd CMOSP W5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML3 NAND9 F Vvdd Vdd CMOSP W5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML4 NAND9 E Vvdd Vdd CMOSP W5*| anmbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML5 NAND9 D Vvdd Vdd CMOSP W5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML6 NAND9 C vdd Vdd CMOSP W5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML7 NAND9 B Vvdd Vdd CMOSP W5*| anmbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

ML8 NAND9 A Vdd Vdd CMOSP W5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_MJX 2x1 ACT C0 CisO Cisl Ov Ghd Vdd

Xcaa_INV_1 G0 nCO Gnd Vdd caa | NV

Xcaa_INV_2 Cis0O nCisO Gid vdd caa_| NV

Xcaa_INV_3 Cisl nCisl Gid Vdd caa_| NV

ML Nd nCO Ghd Gnd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 Ov nCisO Nd Ghd CMOSN WS5* | anbda L=2*1 anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N10 CO Gnd Gnd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4d Ov nCisl NIO Ghd CMOSN WS5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*%| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

Mo N3 CO Vdd Vdd CMOSP Wt14*| anbda L=2*| anbda AS=14*| anbda*5. 5*| anbda
AD=14*| anbda*5. 5*| anbda PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

138



M6 Ov nCisO N3 vVdd CMOSP We14*| anbda L=2*| anbda AS=14*| anbda*5. 5*| anbda
AD=14*| anbda*5. 5*| anbda PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

M7 N8 nCO Vdd vdd CMOSP We14*| anbda L=2*| anbda AS=14*| anbda*5. 5*| anbda
AD=14*| anbda*5. 5*| anbda PS=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda
PD=14*| arbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

MB Ov nCisl N8 vdd CMOSP We14*| anbda L=2*| anbda AS=14*| anbda*5. 5*| anbda
AD=14*| anbda*5. 5*| anbda PS=14*| anbda+14*| anmbda+5. 5*| anmbda+5. 5*| anbda
PD=14*| anbda+14*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_NAND8 A B C D E F G H NAND8 Gnhd Vvdd

ML NAND8 A N1 Gnd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 B N5 Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 N5 C N8 Ghd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 N8 D N11 Gnd CMOSN We5*| anbda L=2*1 anbda AS=5. 5*| anbda*5*| anbda

AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| anbda+5.

Mo N11 E N14 Gnd CMOSN
AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| anbda+5.

M6 N14 F N17 Gnd CMOSN
AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| ambda+5.

M7 N17 G N20 Gnd CMOSN
AD=5. 5*| anbda*5*| anbda

PD=5*| anbda+5*| anbda+5.

MB N20 H Ghd Gnd CMOSN
AD=5. 5*| ambda*5*| anbda

PD=5*1 anbda+5*| anbda+5.
M0 NAND8 G Vdd vdd CMOSP We5*| anmbda L=2*| anbda AS=5*| anbda*5. 5*| anbda

AD=5*| anbda*5. 5*| anbda

PD=5*| anbda+5*| anbda+5.
MLO NANDS H Vdd vdd CMOSP W£5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda

AD=5*| anbda*5. 5*| anbda

PD=5*| anbda+5*| anbda+5.
ML1 NAND8 F Vdd Vdd CMOSP W5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda

AD=5*| anbda*5. 5*| anbda

PD=5*| anbda+5*| anbda+5.
ML2 NANDS E Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda

AD=5*| anbda*5. 5*| anbda

PD=5*| anbda+5*| anbda+5.
ML3 NANDS D Vvdd vdd CMOSP W5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda

AD=5*| anbda*5. 5*| anbda

PD=5*| anbda+5*| ambda+5.
ML4 NAND8 C Vdd Vdd CMOSP W5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda

AD=5*| anbda*5. 5*| anbda

PD=5*| anbda+5*| anbda+5.

PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5*] anbda+5. 5*| anbda

WeS5* | anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5*| anbda+5. 5*| anbda

We5* | anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5% anbda+5. 5*| anbda

We5* | anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5*| anbda+5. 5*| anbda

We5* | anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
5*| anbda+5. 5*| anbda

PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
5*| anbda+5. 5*| anbda

PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
5*| anbda+5. 5*| anbda

PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
5%] anbda+5. 5*| anbda

PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
5*| anbda+5. 5*| anbda

PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
5% anbda+5. 5*| anbda

PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
5*] anbda+5. 5*| anbda
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ML5 NAND8 B Vdd Vdd CMOSP W5*| ambda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

ML6 NAND8 A Vdd Vdd CMOSP W5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_overflow C0 G3 n& nGL n& nP3 Ov PO P1 P2 Gnd Vvdd
Xcaa INV_1 nG@ &0 Gid Vdd caa | NV

Xcaa_INV_2 PO nPO Gnd Vdd caa | NV

Xcaa_INV_3 nGlL GL Gnd Vdd caa | NV

Xcaa INV_4 P1 nP1l Gnd Vdd caa | NV

Xcaa INV.5 n@ & Gid Vdd caa | NV

Xcaa INV_6 P2 nP2 Gnd Vdd caa | NV

Xcaa_INV_7 G3 n& Gnd Vdd caa | NV

Xcaa_|I NV_8 nP3 P3 Gnd Vdd caa | NV

Xcaa_MJX 2x1 _ACT_1 CO N3 N2 Ov Gnd Vdd caa_MJIX _2x1_ACT

Xcaa_ NAND4 1 nG3 & GL (0 N1 Gnd Vdd caa_ NAND4

Xcaa NAND4 2 nG P3 nP2 nPl1 N10 Gnhd Vdd caa_NAND4
Xcaa_NAND4 3 nG3 P2 nP1 nPO N9 Gnd Vdd caa_NAND4
Xcaa_NAND4 4 nG3 G0 P2 nP1 N8 Gnd Vdd caa_NAND4

Xcaa_NAND4 5 nG3 & P1 nPO N7 Gnd Vdd caa_NAND4

Xcaa_NAND4 6 n& Gl P3 nPO N19 Gnd Vdd caa_ NAND4
Xcaa_NAND4A_7 n&@R GL 0 P3 N18 Gnd Vdd caa_ NANDA4

Xcaa_NAND4 8 nGlL G0 P3 nP2 N17 Gnd Vdd caa_ NAND4
Xcaa_NAND4 9 nG3 & GL PO N15 Gnd Vdd caa_NAND4
Xcaa_NAND4 10 P3 nP2 nP1 nPO N46 Gnd Vdd caa_ NAND4
Xcaa_NAND8_ 1 N1 N10 N9 N8 N7 N19 N18 N17 N3 Gnd Vdd caa_NAND8
Xcaa_NAND8 2 N9 N8 N7 N19 N18 N17 N15 N46 N2 Gnd Vdd caa_NANDS
. ENDS

. SUBCKT caa_NOR2 A B NOR2 Gnd Vvdd

ML NOR2 A Gnd Ghd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anmbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 NOR2 B Ghd Gnd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M3 NOR2 B N9 Vdd CMOSP W17%| anbda L=2*| anbda AS=17*| anbda*5. 5*| anbda
AD=17*| anbda*5. 5*| anbda PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| arbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

M4E N9 A Vdd vdd CMOSP We17*| anmbda L=2*| anbda AS=17*| anbda*5. 5*| anbda
AD=17*| anbda*5. 5*| anbda PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_PG GENx1 A B G nG nP P Ghd Vvdd
Xcaa_INV_1 G nG Ghd Vdd caa_| NV
Xcaa_INV_2 P nP Ghd Vvdd caa_| NV
Xcaa_NAND2_1 A B G Gnd Vdd caa_NAND2
Xcaa_NOR2_1 A B P Ghd Vdd caa_NOR2

. ENDS

. SUBCKT caa_PG CGENx4 A0 A1 A2 A3 BO B1 B2 B3 C0 &0 G1 & G nCO n&X nGlL
n& nG3 nPO nP1 nP2 nP4 PO P1 P2 P3 Gnhd Vdd
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Xcaa_INV_1 GO nCO Gnd Vdd caa | NV
Xcaa_ PG GENx1 1 A0 BO GO n@ nPO PO Gnd Vdd
Xcaa_PG GENx1 2 Al Bl Gl nGL nP1 P1 Gnd Vdd
Xcaa_PG GENx1 3 A2 B2 & n@ nP2 P2 Gnd Vdd
Xcaa_PG GENx1_4 A3 B3 G3 n& nP4 P3 Gnd Vdd
. ENDS

caa_PG _GENx1
caa_ PG GENx1
caa_ PG GENx1
caa_PG GENx1

. SUBCKT caa_Adderx4 A0 A1 A2 A3 BO B1 B2 B3 CO Ov SO S1 S2 S3 Ghd Vvdd
Xcaa_NAND13_1 N4A5 N44 NA3 N4A2 NAO N38 N37 N39 NA1 N4A6 N47 N48 N49 S3

Gnd Vdd caa_NAND13

Xcaa_NAND2_1
Xcaa_NAND2_2
Xcaa_NAND2_3
Xcaa_NAND2_4
Xcaa_NAND2_5
Xcaa_NAND2_6
Xcaa_NAND3_1
Xcaa_NAND3 2
Xcaa_NAND3_3
Xcaa_NAND3 4
Xcaa_NAND3_5
Xcaa_NAND3_6
Xcaa_NAND3_7
Xcaa_NAND3_8
Xcaa_NAND3 9

CO nG N20 Gnd Vdd caa_NAND2

CO PO N19 Gnd Vdd caa_NAND2

nGL nGQ N27 Ghd Vdd caa_NAND2
n& P1 N26 Gnd Vdd caa_ NAND2

Nn& nGl N34 Gnd Vdd caa_NAND2
NGl P2 N32 Gnhd Vdd caa_NAND2

nC0 &0 nP0 N21 Gnd Vdd caa_NAND3
CO nGl nPO N23 Gnd Vdd caa_NAND3
Gl nP1 PO N24 Gnhd Vdd caa_NAND3
CO P1 nPO N25 Gnd Vdd caa_NAND3
Nn& nG nPl N33 Gnd Vdd caa_NAND3
@& nP2 P1 N31 Gnhd Vdd caa_NAND3
GL n&R nG&E N49 Gnd Vdd caa_NAND3
NP0 P3 n& N46 Gnd Vdd caa_NAND3
nP2 P3 nGlL N37 Gnd Vdd caa_ NAND3

Xcaa_NAND3 10 n@ P2 nP1 N29 Gnhd Vdd caa_NAND3
Xcaa_NAND3 11 N20 N19 N21 SO Gnd Vdd caa_NAND3

Xcaa_NAND4 1
Xcaa_NAND4_2
Xcaa_NAND4_3
Xcaa_NAND4_4
Xcaa_NAND4_5
Xcaa_NAND4_6
Xcaa_NAND4_7
Xcaa_NAND4_8
Xcaa_NAND4 9
Xcaa_NAND5_1
Xcaa_NAND5_2
Xcaa_NAND5_3
Xcaa_NAND5_4
Xcaa_NAND5_5
Xcaa_NANDG6_1

nC0 GL QO nP1 N22 Gnd Vdd caa_NAND4

CO n& nP1 nPO N30 Gnhd Vdd caa_NAND4

& GL nP2 PO N35 Gnd Vdd caa_NAND4

CO0 P2 nP1 nPO N36 Gnd Vdd caa NAND4

nP2 G0 nGlL nG N48 Gnd Vdd caa_NAND4
nP1 nP2 n& nG3 N47 Ghd Vdd caa_ NAND4
& P3 GL n& N1 Ghd Vdd caa_NAND4

nP1 P2 nP3 G3 N39 Ghd Vdd caa_ NAND4

nP3 P1 & G3 N38 Gnd Vdd caa_NAND4

nC0 & GL & nP2 N28 Gnd Vdd caa_NANDS
nP1 nP2 P3 nQ G3 N4O Gnd Vdd caa NAND5
nPO nP1 nP2 nG3 CO N43 Gnd Vdd caa_NANDS
PO nP3 GL & &G N44 Gnd Vdd caa_NAND5
nPO0 nP1 nP2 P3 CO N45 Gnd Vdd caa_NAND5
NP3 QO Gl & G3 nC0 N42 Gnd Vdd caa_NAND6

Xcaa_NAND6 2 N27 N26 N22 N23 N24 N25 S1 Gnd Vdd caa_NAND6

Xcaa_NAND9_1 N34 N33 N32 N31 N29 N28 N30 N35 N36 S2 Gnd Vdd caa_NAND9

Xcaa_overflow 1 C0 G3 n& nGlL n& nP3 Ov PO P1 P2 Ghd Vdd caa_overfl ow
XPG GENx4_1 A0 A1 A2 A3 BO Bl B2 B3 C0 @ GL & G nC0 n@ nGlL n& n&B
nP0 nP1 nP2 nP3 PO P1 P2 P3 Ghd Vdd caa_ PG GENx4

. ENDS

. SUBCKT caa_NANDI15 ABCDEFGHI J KL MN NAND15 O Gnd Vvdd

ML N2 N N1 Ghd CMOSN We15* 1 anbda L=2*1 anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anrbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

M2 N1 O Ghd Ghd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda
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M3 N8 M N2 Ghd CMOSN We15* | anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

M4 N11 L N8 Gnd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| arbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

Mb N14 K N11 Gnd CMOSN We15*%| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| ambda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anmbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

M6 N17 J N14 Ghd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

M7 N20 | N17 Gnd CMOSN WE15*%| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| ambda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anmbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

MB N23 H N20 Gnd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

M N26 G N23 Gnd CMOSN We15*%| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| ambda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| arbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

MLO N29 F N26 Gnd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

ML1 N32 E N29 Ghd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anrbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

ML2 N35 D N32 Gnd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

ML3 N38 C N35 Gnd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| anbda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

ML4 N41 B N38 Gnd CMOSN We15*| anbda L=2*| anbda AS=5. 5*| anbda* 15*| anbda
AD=5. 5*| ambda* 15*| anbda PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda
PD=15*| ambda+15*| anbda+5. 5*| anbda+5. 5*| anbda

ML5 NAND15 A N41 Ghd CMOSN WE15*| anbda L=2*| anbda

AS=5. 5*| anbda* 15*| anbda AD=5. 5*| anbda* 15*| anbda

PS=15*| anbda+5. 5*| anbda+15*| anbda+5. 5*| anbda

PD=15*| anbda+15*| anbda+5. 5*| anbda+5. 5*| anbda

*ML N2 N N1 Gnd CMOSN W£20*| ambda L=2*| anmbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda*20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anrbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*M2 N1 O Ghd Ghd CMOSN W20* | anbda L=2*| anbda AS=5. 5*| anbda* 20*| anbda
AD=5. 5*| anbda*20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*M3 N8 M N2 Gnd CMOSN W£20* 1 anbda L=2*] anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda* 20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*M4 N11 L N8 Gnd CMOSN W20*| anbda L=2*| anbda AS=5. 5*| anbda* 20*| anbda
AD=5. 5*| ambda* 20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| arbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*Mb N14 K N11 Gnd CMOSN We20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda* 20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anbda+20*| anbda+5. 5*| anbda+5. 5*| anbda
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*M6 N17 J N14 Gnd CMOSN We20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda* 20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*M/ N20 | N17 Gnd CMOSN W£20*| anbda L=2*| anbda AS=5. 5*| anbda* 20*| anbda
AD=5. 5*| anbda*20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| arbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*MB N23 H N20 Gnd CMOSN We20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| ambda* 20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anmbda+5. 5*| anbda
PD=20*| anbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*M0 N26 G N23 Gnd CMOSN W20*1 anbda L=2*1 anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda*20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anmbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*MLO N29 F N26 Gnd CMOSN W:20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| ambda* 20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anmbda+5. 5*| anbda
PD=20*| arbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*ML1 N32 E N29 Gnd CMOSN W=20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda*20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*ML2 N35 D N32 Gnd CMOSN W20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| ambda* 20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| arbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*ML3 N38 C N35 Gnd CMOSN W20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda*20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| anbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*ML4 NA1 B N38 Gnd CMOSN W:20*| anbda L=2*| anbda AS=5. 5*| anbda*20*| anbda
AD=5. 5*| anbda*20*| anbda PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda
PD=20*| arbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

*ML5 NAND15 A N41 Gnd CMOSN W:20*| anbda L=2*| anbda

AS=5. 5*| anbda*20*| anbda AD=5. 5*| anbda* 20*| anbda

PS=20*| anbda+5. 5*| anbda+20*| anbda+5. 5*| anbda

PD=20*| arbda+20*| anbda+5. 5*| anbda+5. 5*| anbda

ML6 NAND15 | Vdd Vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML7 NAND15 H Vdd vdd CMOSP We5+%1 anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

ML8 NAND15 G Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| ambda+5. 5*| anmbda+5. 5*| anrbda

ML9 NAND15 F Vdd Vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M20 NAND15 E Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*%| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

M21 NAND15 D Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M22 NAND15 C Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M23 NAND15 B Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda
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M24 NAND15 A Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anbda

M25 NAND15 J Vdd vdd CMOSP We5+%1 anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M26 NAND15 K Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

M27 NAND15 L Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M28 NAND15 M Vdd vdd CMOSP We5+%| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M29 NAND15 N Vdd vdd CMOSP We5*| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M30 NAND15 O Vdd vdd CMOSP We5+%| anbda L=2*| anbda AS=5*| anbda*5. 5*| anbda
AD=5*| anbda*5. 5*| anbda PS=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_NOR4 A B C D NOR4 Gnd Vdd

ML NOR4 A Gnd Ghd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M2 NOR4 B Gnd Gnd CMOSN We5%| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anmbda+5. 5*| anmbda+5. 5*| anrbda

M3 NOR4 C Gnd Gnd CMOSN WE5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| anbda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

M4 NOR4 D Gnd Gnd CMOSN We5*| anbda L=2*| anbda AS=5. 5*| anbda*5*| anbda
AD=5. 5*| ambda*5*| anbda PS=5*| anbda+5. 5*| anbda+5*| anbda+5. 5*| anbda
PD=5*| anbda+5*| anbda+5. 5*| anbda+5. 5*| anbda

*Mb NOR4A B N17 vdd CMOSP We25*| anbda L=2*| anbda AS=25*| anbda*5. 5*| anbda
AD=25*| anbda*5. 5*| anbda PS=25*| anbda+25*| anbda+5. 5*| anbda+5. 5*| anbda
PD=25*| anbda+25*| anbda+5. 5*| anbda+5. 5*| anbda

*M6 N17 A N20 Vdd CMOSP We25*| anbda L=2*| anbda AS=25*| anbda*5. 5*| anbda
AD=25*| anbda*5. 5*| anbda PS=25*| anbda+25*| anbda+5. 5*| anbda+5. 5*| anbda
PD=25*| anrbda+25*| anbda+5. 5*| anbda+5. 5*| anbda

*M/ N20 C N23 Vdd CMOSP We25*| anbda L=2*| anbda AS=25*| anbda*5. 5*| anbda
AD=25*| anbda*5. 5*| anbda PS=25*| anbda+25*| anbda+5. 5*| anbda+5. 5*| anbda
PD=25*| anbda+25*| anbda+5. 5*| anbda+5. 5*| anbda

*MB N23 D Vdd VvVdd CMOSP We25*| anbda L=2*| anbda AS=25*| anbda*5. 5*| anbda
AD=25*| anbda*5. 5*| anbda PS=25*| anbda+25*| anbda+5. 5*| anbda+5. 5*| anbda
PD=25*| anmbda+25*| anbda+5. 5*| anbda+5. 5*| anbda

Mb NOR4 B N17 Vdd CMOSP We17*| anbda L=2*| anbda AS=17*| anbda*5. 5*| anbda
AD=17*| anbda*5. 5*| anbda PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

M6 N17 A N20 Vdd CMOSP We17*| anbda L=2*| anbda AS=17*| anbda*5. 5*| anbda
AD=17*| anbda*5. 5*| anbda PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
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M7 N20 C N23 Vdd CMOSP W17+*| anbda L=2*| anbda AS=17*| anbda*5. 5*| anbda
AD=17*| anbda*5. 5*| anbda PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

M8 N23 D vdd Vdd CMOSP W17+%| anbda L=2*| anbda AS=17*| anbda*5. 5*| anbda
AD=17*| anbda*5. 5*| anbda PS=17*| anbda+17*| anbda+5. 5*| anbda+5. 5*| anbda
PD=17*| arbda+17*| anbda+5. 5*| anbda+5. 5*| anbda

. ENDS

. SUBCKT caa_Gp_PG A0 A1 A2 A3 BO B1 B2 B3 Gp_G Gp_P Gd Vvdd
Xcaa_NAND15_1 N9O N43 N84 N20 N78 N38 N72 N9 N66 N33 N6O N24 N54 N28
G p_G N48 Gnd vdd caa NAND1S

Xcaa_NAND2 1 B3 A3 N9 Gnd Vdd caa_NAND2
Xcaa_NAND3_1 B2 A2 A3 N20 Gnd Vdd caa_NAND3
Xcaa_NAND3_2 B2 B3 A2 N24 Gnd Vdd caa_NAND3
Xcaa_NAND4_ 1 Bl B2 B3 Al N28 Gnd Vdd caa NANDA4
Xcaa_NAND4 3 Bl B3 Al A2 N33 Gnd Vdd caa_NAND4
Xcaa_NAND4 4 Bl B2 Al A3 N38 Gnhd Vdd caa_NAND4
Xcaa_NAND4 5 Bl Al A2 A3 N43 Gnd Vdd caa_ NANDA4
Xcaa_NAND5_1 BO Bl B2 B3 A0 N48 Gnd Vdd caa_NAND5
Xcaa_NAND5 2 BO B2 B3 A0 Al N54 Gnd Vdd caa_ NAND5
Xcaa_NAND5_3 BO B1 B3 A0 A2 N60 Gnd Vdd caa_NAND5
Xcaa_NAND5 4 BO B3 A0 Al A2 N66 Gnd Vdd caa_NANDS
Xcaa_NAND5_5 BO Bl B2 A0 A3 N72 Gnd Vdd caa_NAND5
Xcaa_NAND5_6 BO B2 A0 Al A3 N78 Gnd Vdd caa_NAND5
Xcaa_NAND5_7 BO Bl A0 A2 A3 N84 Gnd Vdd caa_ NAND5
Xcaa_NAND5_8 BO A0 Al A2 A3 N90 Gnd Vdd caa_NAND5
Xcaa_NOR2_1 B3 A3 N96 Gnd Vdd caa_NOR2

Xcaa_NOR2_2 B2 A2 N99 Gnd Vdd caa_NOR2

Xcaa_NOR2_3 Bl Al N102 Gnd Vdd caa_ NOR2

Xcaa_NOR2_4 BO A0 N105 Gnd Vdd caa_NOR2

Xcaa_NOR4_1 N105 N102 N99 N96 G p_P Gnd Vdd caa_NOR4
. ENDS

. SUBCKT ALUx4 A0 Al A2 A3 BO B1 B2 B3 C0 Gp_GGp_P Ovr SO S1 S2 S3 Gnd
Vdd

Xcaa_Adderx4_1 A0 A1 A2 A3 BO Bl B2 B3 C0 Ovr SO S1 S2 S3 Gnd Vvdd
caa_Adder x4

Xcaa_ G p PG 1 A0 A1 A2 A3 BO B1L B2 B3 Gp G Gp P Gid vdd caa G p_ PG

. ENDS

* Main circuit: caa_ Adderx16

XALUx4 1 A0 A1 A2 A3 BO Bl B2 B3 CO N11 N12 N1 SO S1 S2 S3 Gnd vdd
ALUx4

XALUx4_2 A4 A5 A6 A7 B4 B5 B6 B7 N8 N9 N10 N2 S4 S5 S6 S7 Ghd Vdd ALUx4
XALUx4_3 A8 A9 A10 All B8 B9 B10 B11l N5 N6 N7 N3 S8 S9 S10 S11 Gnd Vvdd
ALUx4

XALUx4_4 Al2 Al3 Al4 Al5 Bl12 B13 Bl14 B15 N14 N15 Nd Ov S12 S13 S14 S15
Gnd vdd ALUx4

Xcaa_CLAH 1 CO N8 N5 N14 C16 N11 NO N6 N15 N12 N10 N7 N4 Gnd vdd
caa_CLAH

* End of main circuit: caa_Adderx16

. END
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D. MATLAB CHECK ROUTI NE

% Adder check_625. m

% This programwi || take input from spice transient analysis

% and assign binary values to output at specified (i.e. on the
%clock) tines. It will then natch this output to expected

% val ues.

data = load ('c:\MATLABR11\work\ caa_Adder_625.dat');
si ze(dat a)

data = data(1l:512,:);

time = round(data(:,1)*10711);
Sdata = data(:, 2:17);

Sdata = fliplr(Sdata);

Cdata = data(:, 18);

Odata = data(:, 19);

Adata = data(:, 21:36);

Adata = fliplr(Adata);

Bdata = data(:, 37:52);

Bdata = fliplr(Bdata);

Ci ndat a=dat a(:, 53);
Ci ndata=fliplr(C ndata);

[1,J] = size(tine);
% convert voltages to binary val ues

% 1. find indices where voltage is high (binary one)

Sone = find(Sdata > 0.9);

Cone = find(Cdata > 0.9);

Qone = find(Odata > 0.9);

Aone = find(Adata > 0.9);

Bone = find(Bdata > 0.9);

C none = find(G ndata > 0.9);

% 2. initialize binary vectors with zero, then set val ues

corresponding to indices to one

Shin = zeros(512, 16);
Shi n( Sone) = 1;

Cbhin = zeros(512,1);
Chi n(Cone) = 1;

hin = zeros(512,1);
Qbi n(Cone) = 1;

Abin = zeros(512, 16);
Abi n(Aone) = 1;

Bbin = zeros(512, 16);
Bbi n( Bone) = 1;

C nbin = zeros(512,1);
G nbi n(C none) = 1;

% create test matrix of sumbits
CAB = (linspace(0,511,512))";

b = 4;
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for m= 1:512,
C = bitget (CAB(m), 2*b+1);

for n = 1:b,

A = bitget(CAB(mM, n);

B = bitget (CAB(m, n+4);

S(mn) = xor(xor (A B), Q;

C = or(or(and(A B),and(A C),and(B,Q);

end

for n = 5:8,
A=1;
B = 0;

S(mnj = xor(xor (A, B),O;
C = or(or(and(A B),and(A C),and(B,Q);

end
for n = 9:14,
A =1,
B = 1;
S(mn) = xor(xor(A B), O;
C = or(or(and(A B),and(A C),and(B,Q);
end
n = 15;
B =remm2);

S(mn) = xor(xor(A B), O;
C = or(or(and(A B),and(A C),and(B,Q);

n = 16;

A = not(rem(m2));

B = not(or(not(rem(m4)),not(rem(mtl, 4))));
S(mn) = xor(xor(A B),O;

Cout(m = or(or(and(A B),and(A Q),and(B,Q));

ov(m = xor(Cout(m,O;
end

VS = Shin - S
Serror = sun{sun(VS, 1))

VO = Qbin - ov';
Cerror = sum(sunm VO 1))

VC = Cbin - Cout';
Cerror = sum(sum(VC, 1))

147



TH'S PAGE | NTENTI ONALLY LEFT BLANK

148



APPENDI X D. QUI NE- MCCLUSKEY M NI M ZATI ON ROUTI NE

A OVERVI EW

The followi ng MATLAB routines are used to conpute the
m ni mum set of nmaxterns or mnterns for the 4-Bit Adder.
Adder. m calculates the G and P variables and calls
gui neadder. m with the indices of the logic one's (for
mnterns) or logic zero's (for maxterns) and the nunber of
vari ables. Adder.m | everages the “don’t care” instances as
di scussed in Figure 10. Qui neadder. m in succession calls
three subroutines, gneindex.m qgnecnp.m and qgneout.m to
utilize the Quine-MCuskey tabular routine to determne
the m ni num m nterns or maxterns.

B. ADDER. M

di ary(' Adder _DC eq_one.txt")

% script file to fill a matrix (S) with a four bit w de addition of
%two 4 bit nunbers and carry in. Once this four bit sumis determ ned
% the indices of each sumbit can be used as entry into a qui ne-ntl usky
% m nimzation routine to determne required m nterns.

% Build summatrix. This matrix is 512 x 4 bits w de
cl ear;
CAB = (linspace(0,511,512))";

% Modi fy this script to run for only b bits. The problemwi th the

% current script is that the quine-ntlusky grinds to a halt after 7 or
% so variables. Also, there is an efficiency issue. For Sl, the only
% variables are Al, Bl and Cl. S2, is A2, Al, B2, Bl, and Cl, etc up
%to S4. The idea is to limt the amount of variables being processed
%to only those necessary in order to save conputational tine.

for b = 1:4,

for m= 1:(2"(2*b+1)),
C = bitget (CAB(n), 2*b+1);
for n = 1:b,
A = bitget (CAB(m, b+n);
B = bitget(CAB(m,n);
S(mn) = xor(xor(A B),O;
C = or(or(and(A B),and(A C),and(B,Q));
end
S(m5) =C
end
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% find indices for each sumbit and carry out and convert themto the
% deci mal representation of the binary nunber of CAB

Sind = (find(S(:,b))-1)"; % mnterns, add <1 for maxterms

% Take indices and convert themto nunber representations of
% g and p, use those numbers in qui neadder.

GP_dec= zeros(2”"(2*b+1),1);

for m= 1:(2"(2*b+1)),
for n = 1:b,
A = bitget (CAB(m, b+n);
B = bitget(CAB(m, n);
GP(mn) = not(or(A B)); %calculate Pn
GP(m b+n) = not(and(A B)); %calculate Gn

end
GP(m 2*b+1) = bitget (CAB(n, 2*b+1); %set Co
for i = 1:(2*b+1),
GP_dec(n) = GP_dec(m + GP(mi)*27(i-1);
end
end

% Thi s has been added to force the don't care values of Gand P, i.e.
% G = 01 is don't care, to a value of one for mnterns nmnimzation.

GP_C= sort (GP_dec);

GP_DC = zeros(2”(2*b+1),1); %don't care matrix

nmax = max(GP_O);

n =1;

for m= 0: nnax,

if ( (M ~=G_Cn)),
GP_DC(m+l) = 1;

else while (GP_C(n) == (M & n <= nnmax),

n=n=+1;
end
end
end
DCnd = (find(GP_DC)-1)"; % mnternms, add <1 for maxterns

GP_ind = sort([GP_dec(Sind+1l); DCnd])";

% use indices as input arguenment to qui neadder, a qui ne-ntl usky

% m nimzation routine. The output is stored as associated mnterns
b
GP_DCeqONE_M N = qui neadder (GP_i nd, b)

end %or loop with b as control bit

di ary off
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C. QUI NEADDER. M

functi on out put =qui neadder ( X, bits)

gl obal bin index var prmx
% CALL: [output]=quineadder (X, bits)
%
% wher e:
% X = row of binary numnber representations
% e.g. X=[0,3,4,5,6,7,8,12,13, 14, 16, 21, 23, 24, 29, 31] ;
% bits = number of variables
g=2*bits + 1;
[ bi n,index, var, prm =gnei ndex(X, q); % call qgnei ndex
n=1;
x=0;
whil e n<=(qg-1)

a=1;

me1;

smal | =1;

whi l e a<=(qg+1-n)

whi | e smal | <=i ndex(a, n)

bi g=i ndex(a, n) +1;
whi | e bi g<=i ndex(a+1, n)
[ bi n, x] =gnecnp(bi n(small,n,:),bin(big,n,:), mn,q);
if x==1
Yupdate var matrix
j =0;
k=1;
totvar=2"(qg-1);
var new=zeros(totvar, 1);
while k<=(27(n-1))
varnew(j +1, 1) =var(smal |, n, k);
varnew(j +2, 1) =var (bi g, n, k) ;
151 +2;
k=k+1;
end
var new=sortrows(reshape(varnew, j, (totvar/j)));
var new=r eshape(varnew, totvar, 1) ;
var (m n+1, : ) =var new,

| =1;

y=0;
strmenunstr(var(mn+1,:));
while | <m

strl=nun2str(var(l,n+1,:));
i=strcnp(strmstrl);

switch i
case 1
y=1,
prn(smal |, n)=0;
pr n( bi g, n) =0;
end
| =1 +1;
end
if y==0

Yupdate prm
prn(smal |, n)=0;
prn(bi g, n) =0;
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prm(m n+1) =1;
mEmt1;
%updat e i ndex
b=a;
whi | e b<=(g+1-n)
i ndex (b, n+1)=i ndex(b, n+1) +1;
b=b+1;
end
end
end
bi g=bi g+1;
end
smal | =smal | +1;
end
a=a+l;
end
n=n+1,;

end

% cal cul ate the output matrix by using gneout to minimze

[ out put, prime,term =gneout (bi n, var, prm X q);

D. QNEI NDEX. M

function [bin,index, var, prn]=gnei ndex(Z, q)
gl obal bin index var prm

%

% CALL: [bin,index, var, prm =gnei ndex(Z, q)

%

% INPUT: Z = vector of decimal |ogic values for mnimzation
% g = nunber of |ogic variables

%

% QUTPUT: bin = 3D matrix w sorted binary value (strings) to
% mnimze

% index = 2D index matrix wqty's of variables sorted by
% binary 1

% var = 3D matrix w sorted variable representations

% corresponding to the binary values in 'bin'

% prm= 2D matri x that keeps track of whether each

% succeeding |l evel of 'var' are prine indicants

% establish the bin matrix

di nsi ze(2);
Z=reshape(Z,dim1,2),dim1,1));
a=(dec2bin(z,q)*1)-48;
b=ones(q, 1);

c=a*b;

d=[c, Z];

d=sortrows(d,[1 2]);

e=d(:, 2);
e=fliplr(dec2bin(e,q));

bi n=char (zeros(di m(1, 2), q, q) +48) ;
bin(:,1,:)=e;

% cal cul ati on of the index matrix

p=1;
i ndex=zeros(g+1, q);
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whi l e p<=di n{ 1, 2)
r=c(p)+1;
whil e r<=qg+1
i ndex(r, 1) =i ndex(r, 1) +1;
r=r+1,
end
p=p+1;
end

% establish the var matri x

var=zeros(dim1,2),q, (2*(qg-1)));
var(:,1,1)=d(:, 2);

% establish prmmatrix
prm=[ ones(di m(1,2),1), zeros(dim(1,2),(qg-1))];

E QNECWP. M

function [bin,x]=gnecnp(X, Y, mn,q)
gl obal bin x

%
% CALL: [bin,x]=qgnecnmp(X Y, mn,q);
%
% INPUT: X=first binary string to conpare
% Y=second binary string to conpare
% meout put row of bin matrix
% n=i nput (X, Y) colum of bin matrix
% g=nunber of variabl es
%
% QUTPUT: bin=binary string matrix
% x=returns x==1 if the input strings (X, Y) form
% a prime inplicant
%
%
bi n(m n+1, :) =X;
p=L;
X=0;
whil e p<=q

i=strenp(X(1,p), Y(1,p));

switch i

case O
X=x+1,;
bi n(m n+1, p)='x";

end

p=p+1;
end
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F.  QNEQUT. M

function [output, prine,tern=qgneout (bin,var,prmZ q)
% CALL: [ out put, prime, term =qneout ( bin, var, prm Z, q)
%

% INPUT: bin= 3D matrix w sorted binary value (strings) to
% mnimze

% index = 2D index matrix wqty's of variables sorted by
% binary 1

% var = 3D matrix w/ sorted variable representations
% corresponding to the binary values in 'bin'

% prm= 2D matri x that keeps track of whether each

% succeedi ng | evel of 'var' are prine indicants
% Z = vector of decimal logic values for mnimzation
% g = nunber of |ogic variables

%

% QUTPUT: output = 2D matrix with mnimzed ternms
%

% establish prime matrix; this matrix will be used to mnimze terns
gtym n=si ze(2);
prime=zeros(1,qtymn(1,2));

% establish termmatrix; this matrix will have each term expressed in
% it's binary form For exanple, for variable A, a'1" is 'A, a
% 0" is "A', and a 'x' neans Ais not used in term

termechar (zeros(1,q)+48); %

% establ i sh check matrix; the first colum w |l have index nunber of

% termthe second colum of the matrix has the size of the term
% (i.e. howmany minterns it includes). The third colum wll be
% used during the mnimzation process to iteratively record how
% nmany mnterns a termis 'currently' including (prioritization).
% This matrix will be added to beginning of 'prime' and '"term for
% sorting.

check=zeros(1, 3);

di mesi ze(prm;
j =1
n=1,
whi | e n<=di n( 1, 2)
me1;
whil e me=di m(1, 1)
if prm(mn)==
check(j,:)=2"(n-1); %establish potential # mnterns covered
check(j, 1) = ;
k=1,
| =1;

% update prime matrix
whil e k<=qtym n(1, 2)
if var(mn,|)==2Z(k)
prime(j, k)=1;
| =1 +1;
end
i f | >check(j,2)
k=qtym n(1, 2); %inserted all mnterns into prine
end
k=k+1;
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end
% update termnmatrix
term(j,:)=bin(mn,:);
=i+
end
mmtl;
end
n=n+1,
end
nunt er mej - 1;
% so ends the establishnment of matrixes. Now, incorporate 'check
%rm %rint prmfor debug
pri me=[ check, pri ne];
epi =sun(prime);
r=1;
s=4;
while s<=(qtym n(1, 2)+3)
% updat e prinme
if epi(1,s)==1
prime=flipud(sortrows(prine,s));
if prime(l,s)==
t =4,
while t<=(qgtym n(1,2)+3)
if prinme(1,t)==
prime(:,t)=0;
end
t=t+1,
end
% pl ace minimzed terminto output
Y%prime % print for debug
output(r,:)=term(prime(1,1),:);
r=r+1;
end
end
s=s+1;
end

while prine(1, 3)>0
% reset second index with remaining terns fromminimze
seci nd=pri e;
seci nd(:, 1: 3) =0;
secsunmrsun{rot 90(seci nd));
secsun¥rr eshape(secsum nunterm 1) ;
prime(:, 3)=secsun(:,1);
prime=flipud(sortrows(prime,[3,2]));
%is there any remai nder?
if prime(l, 3)>0
%this is atest loop to prioritize next terns for ninimze
% see if there are any terns with only one m ntermremaining
one=find(prinme(:,3)==1);
[1,J]=size(one);
i =1;
if 1>0
j=(find(prime(one(l),[4:qgtymn(1,2)+3])==1)+3);
i=find(prinme(:,j)==1);
end
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% mnimze remai nder with next priority term
t =4,
while t<=(qtymn(1,2)+3)
if prime(i(l),t)==
prime(:,t)=0;
end
t =t +1,
end
Y%prime %print prine for debug
% pl ace mnimzed terminto output
output(r,:)=ternm(prine(i(1),1),:);
r=r+1;
end
end
% pl ace output matrix in variable form reducing to # variables
output=fliplr(output(:,1:q));
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APPENDI X E. 4-BI T PSEUDO- NMOS NOR ALU SI MULATI ON

*** SPICE Circuit File of ADDER4 made by LASI CKT on 03/29/01 ***

* START OF SPHEAD2. CI R
*CMOS | nvertor DC Transfer Characteristics

. | NCLUDE t 0OaeBSI M3. t xt

*Power Supplies
VPONER VDS 0 5.0

* Input Signals

VOO CO 0 PULSE(5 0 1INS INS 1NS 4NS 10NS)
VAO A0 O PULSE(5 0 1INS INS 1NS 4NS 10NS)
VBO BO 0 PULSE(5 0 INS INS 1NS 9NS 20NS)
VAL Al 0 PULSE(5 0 INS INS 1NS 14NS 30NS)
VBL Bl 0 PULSE(5 0 INS INS 1NS 19NS 40NS)
VA2 A2 0 PULSE(5 0 1INS INS 1NS 4NS 10NS)
VB2 B2 0 PULSE(5 0 1INS INS 1NS 9NS 20NS)
VA3 A3 0 PULSE(5 0 INS INS 1NS 14NS 30NS)
VB3 B3 0 PULSE(5 0 INS INS 1NS 19NS 40NS)

* END OF SPHEAD2Z.

0
Py

2
:

VDS 0 AB COQUT DE
CMOSN W=6U L=2U
VDS CMOSP Ws6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U

R L
womoOo >
cooco<o
oooogo

Begegee

s
3
:

VDS O ABCOQJUT DEF GH I
VDS CMOSP Ws9U L=2U
CMOSN W=9U L=2U
CMOSN W=9U L=2U
CMOSN W=9U L=2U
CMOSN W=9U L=2U
CMOSN W=9U L=2U
CMOSN W=9U L=2U
CMOSN W=9U L=2U
CMOSN W=9U L=2U

0 0 CMOSN W9U L=2U

EEEEE LY
EEEEE58E5
IOTMTMOOW>O
Ooo0oo0oo0oocooL
oooooooog

:
.

.SUBCKT S2_C4 0 VDS C0 C0' &0 ' PO PO' GL GI' P1 P1I' & &' P2 P2' &3
+ G3' P3 P3' 0 VDS S2 4

X1 VDS 0 & Gl' P2 VN9 P1' PO NORS

X2 VDS 0 G0 & Gl' VN8 &0' P2 NORS

X3 VDS 0 &' Gl &' VN7 P2 P1 NORS

X4 VDS 0 &' O P2 VN6 P1 PO NORS

X5 VDS 0 &' Gl' P2' VN5 P1' PO NORS
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VN9 VN8 VN7 S2 VN6 VNS VN4 VN3 VN2 VN1 NOR9

" Gl' VN ' P2' NOR5

g

" P2 VN2 P1 PO NORS5

&
Gl' &' VN3 P2 PO' NOR5

Gl' &' VNI P2' PO'" NORS

P2 P1 G3' VN18 P3'" PO NORS5

&' P1' VN17 G1' G3

NORS

G3' ' VNI6 P2 P1 NORS

Q@' P2' VN1I5 P1 G3'

NCR5

Gl' P3' VN14 P2 PO NORS5

&' Gl' VN13 @' &3

NORS

G3' PO VN12 P2' P1 NORS

G3' P2 VN11 P3' G1'
Gl' &' VNIO G3' PO’

NCR5
NCR5

VN18 VN17 VN16 C4 VN15 VN14 VN1I3 VN12 VN11 VN1O NOR9

X6 VDS 0 Q0
X7 VDS 0 &
X8 VDS 0 CO'
X9 VDS 0 &'
X10 VDS 0
X11 VDS 0
X12 VDS 0 PO
X13 VDS 0 P3'
X14 VDS 0 &'
X15 VDS 0 &3
X16 VDS 0 @0
X17 VDS 0 &'
X18 VDS 0 0’
X19 VDS 0 &'
X20 VDS 0O
ENDS

. SUBCKT NOR3
M OQUT AOO
ML OQUT O VDS
M QJrT CO0 O
M8 QUT B O O
. ENDS

. SUBCKT NCR4
M QUT AOO
ML QUT O VDS
Ml QUT CO O
Mo QUT DO O
M3 OQUT B O O
. ENDS

. SUBCKT NOR6
M QUT A0 O
ML OQUT O VDS
M QJr C0 0
M6 QUT EO O
Mo QUT DO O
M/ QJT F 0O
M3 QUT BO O
. ENDS

. SUBCKT SO_S1 0 VDS SO CO C0' (0 &' PO PO' Gl G1I' P1 PI'

VDS 0 A B C QUT
CMOSN W=6U L=2U
VDS CMOSP W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U

VDS 0 AB CQUJT D
CMOSN W=6U L=2U
VDS CMOSP Ws6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U

VDS O ABCOQJT DEF
CMOSN W=6U L=2U

VDS CMOSP W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U
CMOSN W=6U L=2U

CO G0 PO' VN2 NOR3
CO O PO VN1 NOR3

&' PO VN3 NOR3
VN2 VN3 SO NOR3

P1 &G VN5 PO NOR4
C0 ' VN6 P1' NCR4

GlL ' P1 VN7 PO' NOR4

X2 VDS 0
X1 VDS 0
X3 VDS 0 C0'
X4 VDS 0 VN1
X6 VDS 0 Gl'
X7 VDS 0 Gl
X8 VDS 0
X9 VDS 0 CO'
X10 VDS 0 a1

GL' P1 VN8 PO NOR4
&' P1' VN9 PO' NOR4

X5 VDS 0 Q' &' GL VN4 CO NOr4

X11 VDS 0 VNV VN5 VN6 S1 VN7 VN8 VN9 NOR6

. ENDS
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92}

UBCKT NOR15 VDS O ABCOQUIT DEFGHI J KL MNO

ML QUT O VDS VDS CMOSP W-9U L=2U
M OUT A 0O 0 CMOSN W-OU L=2U
M3 OQUT B O 0 CMOSN W-9U L=2U
M QUT C 0 0 CMOSN W9U L=2U
M6 QUT DO 0O CMOSN W9U L=2U
Mo QUT E 0 0 CMOSN W-9U L=2U
M/ OUT F 0O 0 CMOSN WFOU L=2U
MB OQUT GO 0 CMOSN WFOU L=2U
M QUT HO 0O CMOSN W9U L=2U
MLO OQUT | 0 O CMOSN W9U L=2U
MLl OQUT J 0 0 CMOSN W9U L=2U
M2 QUT K O 0 CMOSN W9U L=2U
ML3 QUT L 0 0O CMOSN W9U L=2U
ML4 OUT MO 0O CMOSN W9U L=2U
ML5 OUT N O 0 CMOSN W9U L=2U
ML6 OUT O 0 0 CMOSN W9U L=2U
. ENDS

.SUBCKT S3 0 VDS CO C0' GO &' PO PO' GL G1' P1 P1' & &X'
+ &' P3 P3'" S3 0 VDS

X1 VDS 0 G3 &' P3 1 P2' P1 (' NORG6
X2 VDS 0 G3' GL &O' 2 P3 P2 P1 NOR6
X3 VDS 0 G3 P1' P3 3 &' GlI' PO NOR6
X4 VDS 0 C0' G3' P3 4 P2 P1 PO NOR6
X5VDS 0 &3 & @' 5 P3 P2 GI' NOR6
X6 VDS 0 G3 &' Gl' 6 GO P3 PO NOR6
X7 VDS 0 P3 G &' 7 &' GlI' G0 NOR6
0

X9 VDS 0 G3 &' P3 15 P2' P1 PO NORG6

X10 VDS 0 G3' G1' PO 14 P3 P2 G NOR6

X11 VDS 0 G3' P1' P3' 13 &' GL' PO NOR6

X12 VDS 0 G G3' P3 12 P2 P1 PO NORG6

X13 VDS 0 G3' &' &' 11 P3' P2' P1 NORG6

X14 VDS 0 G3' &' Gl' 10 &' P3'" PO NOR6

X15 VDS 0 P3' G3' &' 9 PO P1 P2' NOR6

X8 VDS 0 0 (0" Gl' 8 &' &' P3' NOR6

X16 VDS 0123 S34567 89 10 11 12 13 14 15 NOR15
. ENDS

. SUBCKT GP1 VDS 0 A B G InvG P I nvP
Mo P O VDS VDS CMOSP W6U L=2U
M6 P 0 CMOSN W=OU L=2U
0 CMOSN WsOU L=2U
I P VDS VDS CMOSP W6U L=2U
InvG G VDS VDS CMOSP Ws6U L=2U
DS VDS CMOSP Ws6U L=2U
0 CMOSN W=6U L=2U
0 CMOSN We6U L=2U
nvG G0 0 CMOSN WF3U L=2U
InvP P 0 O CMOSN WE3U L=2U
G B VDS VDS CMOSP Ws6U L=2U

mMPESESRDES

c
3
U
2
<

DS O AB GInvG P InvP
DS CMOSP Ws6U L=2U
CMOSN W=9U L=2U

&
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P B O 0O CMOSN W9U L=2U

vP P VDS VDS CMOSP W=6U L=2U
G G VDS VDS CMOSP Ws6U L=2U
VDS CMOSP W=6U L=2U
CMOSN W=6U L=2U

CMOSN W=6U L=2U

nvG G 0 0 CMOSN W=3U L=2U

I CMOSN W=3U L=2U
CMOSP W=6U L=2U

[N
5 —
< >

—©
>

o

PPOO
VDS VDS

meE®EORD =S

z
%

. SUBCKT INV VDS O Invlin |InvQut

ML I nvQut Invin O O CMOSN WE3U L=2U

M2 I nvQut Invin VDS VDS CMOSP We6U L=2U

. ENDS

. SUBCKT PG _GEN 0 VDS CO A0 BO Al Bl A2 B2 A3 B3 C0 CO'
+ Gl' PLP1I' COCO G & POP GLG PLPI & &
+ P3 GO0 A0 & @ PO P GLGL P1LPL & & P2 P2
X1 VDS 0 A0 BO @ 0" PO PO' GP1

X2 VDS 0 B1L A1 G1 GI' P1 P1' PGl

X3 VDS 0 AO BO GO &' PO PO' CGP1

X4 VDS 0 Bl A1 GL GI' P1 P1' PGL

X5 VDS 0 A2 B2 & &' P2 P2' GP1

X6 VDS 0 B3 A3 G3 G3' P3 P3' PGL

X7 VDS 0 AO BO G0 &' PO PO' GP1

X8 VDS 0 BL A1 G1 GI' P1 P1' PGl

X9 VDS 0 A2 B2 & &' P2 P2' GP1

X10 VDS 0 B3 A3 G3 &3' P3 P3' PGL

X11 VDS 0 G0 C0'
. ENDS

I NV

*MAIN Cl RCU T ADDER4

X2 0 VDS C0 C0' @ &' PO PO' Gl GL' P1 PI
+ G3' P3 P3' 0 VDS S2 C4 S2_C4

X1 0 VDS SO CO CO' &0 &' PO PO GL G
X3 0VDS G CO @ & PO PO Gl GL' P1L PYI
+ &' P3 P3' S3 0 VDS S3

P1 P1'

0
P2 P2
&S &

& &' P2 P2 &3

S1 0 VDS SO_S1
& &' P2 P2' &3

PO PO' Gl
&G & P3
P3 P3'

X4 0 VDS CO AO BO Al Bl A2 B2 A3 B3 CO CO' &0 G0 PO PO' Gl GI

xR K
& &'

+ P1 P1I' GO C @ @ PP GL G P1L P
+ & P3P COCO @ PP GL G PLPT
+ G3 &' P3 P3' PG GEN

* START OF SPTAIL.CR

NFET' s

*Si nmul ati on Paraneters for
. TRAN 1PS 40NS ONS

. save
. save
. save
. save

V( OUT)

i (VPOAER)
V( AD)

V( BO)

* END
. END

OF SPTAIL.CR
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* 0% ok Xk X X %

DATE: Jul 16/01

LOT: T15J WAF: 5001

Tenper at ur e_par anet er s=Def aul t
. MODEL CMOSN NMOS ( LEVEL
+VERSION = 3.1 TNOM = 27 TOX
+XJ = 1E-7 NCH = 2. 3549E17 VTHO
+K1 = 0.584235 K2 = 1. 808939E-3 K3
+K3B = 15. 9142604 W = 6. 767602E-6 NLX
+DvTOW =0 DvT1iW =0 DvT2W
+DVTO = 1.3712712 DvT1 = 0. 4653446 DvT2
+U0 = 319. 668247 UA = -2.46952E- 10 uB
+UC = -4.23662E-11 VSAT = 9. 798045E4 A0
+AGS = 0.1896218 BO = -1.429899E-8 Bl
+KETA = 0.0270338 Al = 5.615435E-4 A2
+RDSW = 133. 2722527 PRWG = 0.5 PRVB
+WR =1 W NT =0 LI NT
+XL = -2E-8 XW = -1E-8 DWG
+Dv\B = -1.003184E-8 VOFF = -0.0652789 NFACTOR
+CT =0 CDSsC = 2.4E-4 CDSCD
+CDSCB =0 ETAO = 0.1006785 ETAB
+DSUB = 0.8210518 PCLM = 0. 7765536 PDI BLC1
+PDI BLC2 = 9. 865273E-3 PDI BLCB = -0. 0540508 DROUT
+PSCBE1 = 7.672864E10 PSCBE2 = 2.036021E-8 PVAG
+DELTA =0.01 RSH = 6.8 MOBMOD
+PRT =0 UTE =-1.5 KT1
+KT1L =0 KT2 = 0.022 UA1
+UB1 = -7.61E-18 UcCl = -5.6E-11 AT
+WL =0 WLN =1 WV
+VWAN =1 VWAL =0 LL
+LLN =1 LW =0 LVWN
+LWL =0 CAPMOD = 2 XPART
+CGDO = 7.23E-10 CGSO = 7.23E-10 CGEBO
+CJ = 9.89627E-4 PB = 0.73534 M
+CISW = 2.46165E- 10 PBSW = 0. 7840557 MISW
+CISWs = 3.3E-10 PBSWG = 0. 7840557 M SWG
+CF =0 PVTHO = -3.498648E-5 PRDSW
+PK2 = -1.251474E- 3 WKETA = 1.928603E-3 LKETA
+PUO = 31.1137209 PUA = 1. 155019E- 10 PUB
+PVSAT = 1.542088E3 PETAO = -1.003159E- 4 PKETA
. MODEL CMOSP PMOS ( LEVEL
+VERSION = 3.1 TNOM = 27 TOX
+XJ = 1E-7 NCH = 4. 1589E17 VTHO
+K1 = 0. 5684869 K2 = 0. 0351909 K3
+K3B = 10. 6033883 W) = 1E-6 NLX
+DVTOW =0 DvT1W =0 DvT2W
+DVTO = 0.5244177 DVT1 = 0.2901433 DVT2
+U0 = 124.8628741 UA = 1. 792035E-9 uB
+UC = -1E-10 VSAT = 1.551654E5 A0
+AGS = 0. 3427925 BO = 1. 666904E- 6 Bl
+KETA = 0.0212022 Al = 0.028014 A2

APPENDI X F.

MOSI S PARAMETRI C TEST RESULTS

RUN: T15J (LO EPI)

TECHNOLOGY: SCN018

T15J SPI CE BSI M3 VERSI ON 3.1 PARAMETERS
SPI CE 3f5 Level 8, Star-HSPICE Level 49, UTMOST Level 8

VENDOR: TSMC
FEATURE SI ZE:

161

MOSIS TSMC 0. 18 M CRON FET PARAMETERS

.18 mcrons

49

4. 2E-9

0. 3593426
1E-3

1. 645593E-7
0

- 0. 0430942
6. 893182E-19
1. 4231374
-1E-7

0. 8500947
-0.2

9. 682918E-9
-7.78854E-9
2.5

0

- 0. 0446167
0. 1854406
0. 8266372

0

1

-0.11

4. 31E-9

3. 3E4

0

0

1

0.5

1E-12

0. 3594267
0. 1075765
0. 1075765
-2.9489679
-8.378587E-3
0
5.130701E-3 )

49

4. 2E-9

- 0. 4139661
0

9. 038631E-8
0

0.1

1E-21

1. 5201757
5E-6

1



+RDSW
+WR
+XL

+DV\B
+CT
+CDSCB
+DSUB
+PDI BLC2
+PSCBE1
+DELTA
+PRT
+KT1L
+UB1
+WL
+WAN
+LLN
+LWL
+CGEDO
+CJ
+CISW
+CISWWG
+CF
+PK2
+PUO
+PVSAT

304. 979313
1
-2E-8

. 971841E-9

5

0

0

1. 2865683
0. 0508323
1. 733444E9
0.01

0

0
-7.61E-18
0
1
1
0

6. 92E- 10

1. 204978E-3
2. 088728E- 10
4. 22E-10

0
2.629498E-3
-2.2589171
-50

PRWG
W NT

VOFF
CDSC
ETAO
PCLM
PDI BLCB
PSCBE2
RSH
UTE
KT2
UC1
WLN

LW
CAPMCD
CGSO
PB
PBSW
PBSWG
PVTHO
VWKETA
PUA
PETAO

0.5

0

-1E-8
-0.100662
2.4E- 4

0. 2098261
2. 544679

-9.99311E-4
5. 00159E- 10

92E-10

. 8428469

. 5832884

. 5832884

. 844904E-3
. 438155E-3

-7.99545E- 11
1E-4

MNNOOOONOOR
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PRVB
LI NT
DWG

NFACTCOR
CDSCD
ETAB
PDI BLC1
DROUT
PVAG
MOBMOD
KT1
UAL

AT

WV

LL

LV
XPART
CGBO
M

M SW
M SWG
PRDSW
LKETA
PUB
PKETA

-0.5
2. 053267E-8
- 3. 938518E-8

1. 9470845

0

- 0. 2406335
6. 316635E-3
0

15

1

-0.11
4.31E-9

3. 3E4

= OO

0.5

1E-12

0. 4043249

0. 3016152

0. 3016152

6. 5073202
-4.928775E-3
2. 472552E- 22
2.018007E-3



APPENDI X G LAYQUT VERSUS SCHEMATI C SETUP

The following screen captures detail the proper
settings for the LVS check. The GUJ cones up when you
create a new, or open, a LVS check file.

= LVS_caa_Adderxls

I:vcaa Addervcas Layout Spicehc
. Aoaa_worklibeaa_dddemn] B.sp

-
ETEWEE.

Fi gure 99. LVS File Settings.
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= LVS_caa_Addernxls

Fi gure 100. LVS Options Settings.

= LVS5_caa_Adderxlb

101

Fi gure 101. LVS Advanced Paraneter Settings.
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= LVS_caa_Addernxls

Fi gure 102. LVS Perf ormance.

= LVS_caa_Adderxlé

I B B

Fi gure 103. LVS Verbosity Level Settings.
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TH'S PAGE | NTENTI ONALLY LEFT BLANK
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APPENDI X H.  RECOMVENDATI ONS FOR FUTURE WORK

SPI CE sinmulations were conducted with the 16-Bit Adder
implenmenting a 4-Bit Adder with sum outputs MJX with G
(Figure 104) and a 16-bit overflow circuit (Figure 105),
vice overflow circuits on each 4-Bit ALU  The 16-Bit Adder
was tested within the pipelined register architecture of
the DS (Figure 106). This is the nobst realistic
simul ation possible for the nodified adder. The nodified
adder design operated with a 625 MHz cl ock speed.

A 16-BI T OVERFLOW Cl RCUI T VERSUS 4-BI T OVERFLOW

Fi gure 104. 16-Bit Overfl ow.
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* SPICE netlist witten by S-Edit Wn32 7.00

* Witten on Sep 20, 2001 at 09:42:55

* Main circuit: caa overflow x16_ 3

Xcaa INV_1 N4 N14 Gnd Vdd caa | NV

Xcaa_INV_2 PO nPO Gnd Vdd caa_ | NV

Xcaa_INV_3 n& N11 Grd Vvdd caa_| NV

Xcaa_INV_4 P1 nP1 Gnd Vdd caa | NV

Xcaa INV_5 N16 N1 Gnd Vdd caa | NV

Xcaa INV_6 P2 nP2 Gnd Vdd caa | NV

Xcaa INV_7 N5 N13 Gnd Vdd caa | NV

Xcaa_INV_8 OvO N3 Gnd Vdd caa | NV
Xcaa_MJUX 2x1 ACT 1 Cl12 N23 N22 N16 Gnd Vvdd caa_MJUX 2x1 ACT
Xcaa_MJUX 3x1 INACT_1 OvO N3 N5 N13 N14 N4 OvO N16 N1 Ov Gnd Vdd
+ caa_MJX 3x1_| NACT

Xcaa NAND2 1 nGl nP2 N10 Ghd Vdd caa_NAND2
Xcaa_NAND2 2 C16 N3 N4 Gnd Vdd caa_ NAND2
Xcaa_NAND3 1 nG0 nP2 nP1 N12 Ghd Vdd caa_ NAND3
Xcaa_NAND3_2 N11 N10 N12 N23 Gnhd Vdd caa_NAND3
Xcaa_NAND3 3 nP1 nP2 nPO N6 Gnd Vdd caa_NAND3
Xcaa_NAND4_1 N11 N1O N12 N6 N22 Gnd Vdd caa_NAND4
Xcaa_NOR2_1 Cl16 OvO N5 Gnd Vdd caa_ NOR2

* End of main circuit: caa overflow x16_ 3

. END

B. MULTI PLEXI NG SUM CI RCUI TS WTH &

AL A LELLLNL

B
I

Fi gure 105. 4-Bit MJUX Adder.
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* SPICE netlist witten by S-Edit Wn32 7.00

* Witten on Sep 20, 2001 at 00: 05: 45

* Main circuit: caa_ Adderx4 MJX NoOv

Xcaa I NV_2 N10 N12 Gnd Vdd caa_ | NV

Xcaa_MUX 2x1_ACT_1 CO N56 N55 S3 Gnd Vdd caa_MJUX 2x1_ACT
Xcaa_MJUX 2x1 ACT 2 C0 N13 N14 S2 Gnd Vdd caa MJX 2x1 ACT
Xcaa_MJUX 2x1 ACT 3 CO N12 N1O0 SO Gnd vdd caa_ MJX 2x1 ACT
Xcaa_MJX 2x1 _ACT_4 CO N2 N1 S1 Gnd Vdd caa_MJX _2x1_ACT
Xcaa_NAND11 1 N4A6 N54 NA7 N19 N18 N17 NA5 N50 N51 N52 N53 N56 Gnd Vvdd
+ caa_NAND11

Xcaa NAND12 1 N4A8 N46 N4A9 NA7 N19 N18 N17 N4A5 N50 N51 N52 N53 N55 Gnd
+ Vdd caa_ NAND12

Xcaa NAND2 2 0 nPO N10 Gnd Vvdd caa_NAND2

Xcaa NAND2_3 nGl nG N6 Gnd Vdd caa_NAND2

Xcaa NAND2 4 nG P1 N5 Ghd Vdd caa_ NAND2

Xcaa_NAND2 5 n& nGlL N22 Gnd Vdd caa_ NAND2

Xcaa_NAND2 6 nGl P2 N24 Gnhd Vdd caa_NAND2

Xcaa_NAND2 7 nGl nPO N7 Ghd Vdd caa_NAND2

Xcaa_NAND2 8 P1 nP0O N3 Gnd Vdd caa_NAND2

Xcaa NAND3 2 GL G0 nP1 N8 Gnd Vvdd caa_ NAND3

Xcaa_NAND3 3 GL nP1 PO N4 Gnd Vdd caa_ NAND3

Xcaa_NAND3 5 n&@ n@& nP1 N23 Gnhd Vdd caa_ NAND3

Xcaa_NAND3 6 G2 nP2 P1 N25 Gnd Vvdd caa_NAND3

Xcaa_NAND3 7 GL n& nG3 N53 Gnd Vdd caa_NAND3

Xcaa NAND3 8 nP0O P3 n& N50 Gnd Vvdd caa_ NAND3

Xcaa_NAND3_9 nP2 P3 nGl N18 Ghd Vdd caa_NAND3

Xcaa_NAND3 10 n@ P2 nP1 N16 Ghd Vdd caa_NAND3

Xcaa_NAND3 12 n& nPl nPO N26 Gnd Vdd caa_NAND3

Xcaa_NAND3 13 P2 nP1 nPO N20 Gnhd Vdd caa_ NAND3

Xcaa NAND4 1 N6 N5 N8 Nd N2 Gnhd Vdd caa_NAND4

Xcaa NAND4A 3 & GL nP2 PO N21 Gnhd Vdd caa NANDA4

Xcaa_NAND4 5 nP2 G0 nGlL nG3 N52 Gnhd Vdd caa_NAND4
Xcaa_NAND4 6 nP1 nP2 n@ nG3 N51 Gnd Vdd caa_ NAND4
Xcaa_NAND4 7 &0 P3 GL n& N45 Gnd Vdd caa_NAND4

Xcaa_NAND4 8 nP1 P2 nP3 G3 N17 Ghd Vdd caa_ NAND4

Xcaa_NAND4 9 nP3 P1 & G3 N19 Ghd Vdd caa NANDA4

Xcaa_NAND4 10 nPO nP1 nG nP2 N49 Gnhd Vdd caa_ NAND4
Xcaa_NAND4 11 nPO nP1 P3 nP2 N48 Gnd Vdd caa_ NAND4
Xcaa_NAND4 12 GL G G0 nP2 N15 Gnd Vdd caa_ NAND4

Xcaa_NAND5_1 N6 N5 N7 N4 N3 N1 Gnd Vdd caa_NAND5

Xcaa NAND5 2 nP1 nP2 P3 nQ G3 N47 Gnd Vdd caa_ NAND5
Xcaa_NAND5 4 PO nP3 GL & G3 N46 Gnd Vdd caa_NAND5
Xcaa_NAND5 6 nP3 G0 GL & G3 N54 Gnd Vdd caa_NAND5
Xcaa_NAND7_1 N22 N23 N24 N25 N16 N15 N21 N13 Gnhd Vdd caa_NAND7
Xcaa_NAND8_ 1 N22 N23 N24 N25 N16 N20 N26 N21 N14 Gnhd Vdd caa_NANDS
XPG GENx4_1 A0 A1 A2 A3 BO B1 B2 B3 C0O G0 GL & &G nCO n& nGlL n& n&B
nP0 nP1 nP2 nP3 PO P1 P2 P3 Ghd Vdd caa_ PG GENx4

* End of main circuit: caa_Adder x4 _MJX NoOv

. END
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C.

Pl PELI NED REG STER TEST CI RCU T

.......

b, HIE, EJE, B, Fea 1B

Bo Ta Ba By Ba Bwpe p= 1= 0= 1= T~ 0= T~ =D~

0, o'E. EJE, B/G, Feq 16

R

Ei.

-0, tE, EVE, EJG, Feg 1E

TP ETPPTeeT ey U?T?T??T?TTTTTTT
£

IlllllllllllllllL

Tala Uu Bala Ba g=p= 1= T= 0= 1= T~ [= 1" T~

T—E :

Fi gure 106. Pi pel ined Register Test Circuit.
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